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GLOSSARY

ACGIH - American Conference of Governmental Industrial Hygienists

Acid Volatile Sulfide (AVS) - The most unstable fraction of the three broad classes of sulfides in sediments
(i.e., AVS, sulfide mineral phase, and organic sulfide associated with organic matter in sediments). AVS is
associated with the more soluble iron and manganese monosulfides, and has an affinity for many metals
that are of toxicological concern.

Advection - Movement as a result of the bulk flow of a fluid.
Aliphatics - Straight-chain hydrocarbons and their cyclic counterparts.
Amphipod - A crustacean with a laterally compressed body (e.g., freshwater shrimp).

Anisotropic - The condition under which one or more of the hydraulic properties of an aquifer vary according
to the direction of flow.

Aquifer - Rock or sediment in a formation, group of formations, or part of a formation which is saturated and
sufficiently permeable to transmit economic quantities of water to wells and springs.

Aromatics - Chemicals which consist of one or more rings and exhibit properties similar to benzene.

Artesian - A condition where the water level in a well is higher than the elevation of the top of the aquifer.
Such a condition can arise as a result of geologic features or topography.

Assessment Endpoint - Formal expressions of the actual environmental values to be protected.

ATSDR - Agency for Toxic Substances and Disease Registry.

AWQC - Ambient Water Quality Criteria.

BCF - Bioconcentration factor.

Benthic - Referring to organisms living on or in the bottom sediments.
Benthos - The bottom sediments and the organisms living there.

Bioaccumulation - The retention and concentration of chemicals in an organism.

Bioassay - A test that determines the effect of a chemical on a living organism.

Bioavailability - The extent and rate at which a substance (e.g., contaminant) is absorbed into a living system
or is made available at the site of physiological activity.

Bioconcentration - The accumulation of a chemical in an organism to levels that are greater than the medium
in which the organisms resides (e.g., fish in water).

Biomagnification - The tendency of some chemicals to accumulate to higher concentrations as trophic level
increases, through dietary uptake.

BOD - Biochemical Oxygen Demand.
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Cation - A positively charged atom or group of atoms.

CDDs - Chlorinated dibenzo-p-dioxins.

CDFs - Chlorinated dibenzofurans.

Chronic - Over a long period of time, either continuously or intermittently.
CLP - Contract Laboratory Program.

COC - Chemical of Concern.

Confining Unit - A body of material of low hydraulic conductivity that is stratigraphically adjacent to (above
or below) one or more aquifers.

CRDL - Contract Required Detection Limit.
CRAQL - Contract Required Quantitation Limit.
CSF - Cancer Slope Factor.

CTE - Central Tendency Exposure.

Dip - The angle that a stratum or any planar feature makes with the horizontal, measured perpendicular to
the strike and vertical plane.

Divalent Metal - A charged or uncharged metal that has formed two covalent bonds.
DQOs - Data Quality Objectives.

Drawdown - A lowering of the water table of an unconfined aquifer or the potentiometric surface of a
confined aquifer caused by pumping of groundwater from wells.

Epibenthic - Referring to organisms living on, as opposed to within, bottom sediments.

Equilibrium - A condition in which no change occurs in the state of a system as long as its surroundings
are unaltered.

Equilibrium Partitioning (EQP) Method - The prescribed methodology used to predict the bioavailability of
metals and nonpolar ionic chemicals present in sediments for use by the U.S. Environmental Protection
Agency in deriving national sediment criteria. The methodology is based on a chemical's tendency to
partition between sediment organic content and water.

Equipotential Line - A line connecting points of equal hydraulic head.

Estuary - Drainage channel adjacent to the sea in which the tide ebbs and flows.

Gneiss - A coarse grained rock with alternating bands of granular minerals and subparallel-oriented
micaceous minerals.

HEAST - Health Effects Assessment Tables.

HI - Hazard Index.
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HQ - Hazard Quotient.

Hydraulic Conductivity - An intrinsic property of an aquifer that affects the rate at which a fluid flow through
the material (a measure of the degree of interconnectedness of the pore spaces and the volume of the pore
spaces relative to the total volume of the material). The hydraulic conductivity is also a function of the fluid
under consideration.

Hydraulic Gradient - The change in total head with a change in distance in a given direction. The direction
is that which yields a maximum rate of decrease in head.

ICP - Inductively Coupled Plasma.
ILCR - Incremental Lifetime Cancer Risk.

Interstitial Water - The water contained in pore spaced between the grains of sediment.

IRIS - Integrated Risk Information System.

Joint - A planar break in rock without relative movement of rocks on either side of the break.
Kd - Distribution Coefficient.

. - Organic carbon partition coefficient.

K
K, - Octanol/water partition coefficient.

LCg, - The concentration of material in water to which test organisms are exposed that is estimated to be
lethal to 50% of the test organisms. The LC,, is usually expressed as a time-dependent value (e.g., 24-h
or 96-hr LC,: the concentration estimated to be lethal to 50% of the test organisms after 24 or 96 hr of

exposure).
Lithology - The science that deals with the microscopic mineral characteristics of rocks.
Lowest Observed Adverse Effects Level (LOAEL) - The lowest concentration of a material in water used in

a toxicity test that has a statistically significant adverse effect ont he exposed population of test organisms
as compared to the controls.

Measurement Endpoint - Quantitative expressions of an observed or measured effect of a hazard that
corresponds to or predicts assessment endpoints.

MCL - Maximum Contaminant Level.
MCLG - Maximum Contaminant Level Goal.
No Observed Adverse Effects Level (NOAEL) - The highest concentration of a material in a toxicity test that

has no statistically significant adverse effect on the exposed population of test organisms as compared to
the controls.

Nonpolar Chemicals - Chemical molecules which have no separation of positive and negative charge (i.e.,
there are not positive and negative poles).

NTU - Nephelometric Turbidity Units.

Organic Carbon - The amount of organic material in a given medium, usually sediment.

D-01-95-10 XXXV CTO 129



Revision 1
March 1997

OSWER - Office of Solid Waste and Emergency Response.

Overburden - The upper part of a sedimentary deposit, compressing and consolidating the material below.
In this report, overburden refers to all materials located between ground surface and the bedrock surface.

PAH - Polycyclic aromatic hydrocarbons.
PCB - Polychlorinated biphenyls.
PH - An alternate way of expressing the H* ion concentration; pH = -Iog10[H+].

Pharmacokinetics - The dynamic behavior of chemicals inside biological systems including uptake,
distribution, metabolism, and excretion.

PM10 - Particulate matter with diameters of 10 microns or less.
Polychaete - An order of primarily marine worms having bristies on the body segments.

Potentiometric Surface - A surface that represents the level to which water will rise in tightly cased wells.
If the hydraulic head varies significantly with depth within an aquifer, then there may be more than one
potentiometric surface for the aquifer. The water table is a particular potentiometric surface for an
unconfined aquifer.

QA - Quality Assurance.
QC - Quality Control.

Reference Area - A relatively unimpacted (unpoliuted) site having essentially the same ecological and
physical properties used for comparison to the impacted (polluted) site being evaluated.

RfC - Reference Concentration.

RfD - Reference Dose.

Rl - Remedial Investigation.

RME - Reasonable Maximum Exposure.

RPD - Relative Percent Difference.

Simultaneously Extracted Metals (SEM) - Metals, commonly cadmium, copper, lead, nickel and zinc, that

form less soluble sulfides than do iron and manganese, and which are at least partially soluble. These
metals are extracted from a sample simultaneously with the AVS.

Specific Yield - The ratio of the volume of water a rock or soil will yield by gravity drainage to the volume
of the rock or soil. Gravity drainage may take many months to occur.

SSL - Soil Screening Level.
STEL - Short-Term Exposure Limit.

Stratified Drift - Sorted or layered material deposited by a melt water stream or settled from suspension in
a body of quiet water adjoining a glacier.
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Strike - The direction taken by a structural surface, e.g. a bedding or fault plan, as it intersects the horizontal.

Storativity - The volume of water that an aquifer releases per unit surface area per unit decline in the
hydraulic head.

Subchronic - Of intermediate duration, usually for periods between 5 and 90 days.
TEFs - Toxicity Equivalent Factors.

TLV - Threshold Limit Value.

TOC - Total Organic Carbon.

Toxicity - Refers to harmful effects resulting from exposure to a toxic substance.
TPH - Total petroleum hydrocarbons.

Transmissivity - The capacity of an aquifer to transmit water. The hydraulic conductivity multiplied by the
saturated thickness of the aquifer.

Trophic Level - Any of the feeding levels through which the passage of energy through an ecosystem
proceeds. organisms at higher trophic levels feed on organisms at lower trophic levels.

TWA - Time-Weighted Average.
UCL - Upper Confidence Limit.

Vadose Zone - The unsaturated soil zone above the water table. The void spaces in this zone are only
partially filled with water (i.e., the moisture content is less than the porosity).

Water Column - A vettical cross-section (i.e., profile) of a body of water or a columnar cross-section of a
body of water at a selected location.
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EXECUTIVE SUMMARY

This Phase |l Remedial Investigation (RI) report has been prepared for the Department of the Navy, Northern
Division Naval Facilities Engineering Command by Brown & Root Environmental (BRE) under Contract
Number N62472-90-D-1298, Contract Task Order 129. This report summarizes the results of a Phase I
Remedial Investigation for 13 distinct sites/areas at the Naval Submarine Base - New London (NSB-NLON),

located in Groton, Connecticut. The 13 sites/areas studied during the Phase Il RI are as foliows:

e  Construction Battalion Unit (CBU) Drum Storage Area - Site 1

®  Area A Landfill - Site 2

®  Area A Wetland - Site 2

e  Area A Weapons Center - Site 20

e  Area A Downstream Watercourses and Over Bank Disposal Area (OBDA) - Site 3
e  Rubbile Fill Area at Bunker A-86 - Site 4

o  Defense Reutilization and Marketing Office (DRMO) - Site 6

e  Torpedo Shops - Site 7
e  Former Goss Cove Landfill - Site 8
. ®  Lower Subase
® Over Bank Disposal Area Northeast (OBDANE) - Site 14
] Spent Acid Storage and Disposal Area (SASDA) - Site 15

) Thames River

The remainder of this executive summary provides a brief summary of the nature and extent of
contamination at each of the individual sites/study areas, summatrizes the results of the baseline risk
assessment, and provides recommendations regarding additional investigatory efforts. Each of the
sites/study areas are discussed in Sections E.1 through E.13. An overall summary of recommendations is

provided in Section E.14.
E.1 CONSTRUCTION BATTALION UNIT DRUM STORAGE AREA
This section presents a summary of major findings for the CBU Drum Storage Area. A summary of the

nature and extent of contamination is provided in Section E.1.1. Sections E.1.2 and E.1.3 summarize the

baseline human health risk assessment and the ecological risk assessment for the site, respectively. Section
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E.1.4 summarizes the comparison of site data to state standards and Section E.1.5 provides

recommendations regarding additional action or investigatory efforts for the site.

E.1.1 Nature and Extent of Contamination

Various organic and inorganic chemicals were detected in soil and groundwater samples collected at the
CBU Drum Storage Area site. For the most part, the concentrations encountered were relatively low. For

example, although various volatile organics were detected in the soil, the concentrations were all less than

400 ug/kg. The concentrations of semivolatile organics were somewhat higher, particularly those of several

PAHs, such as fluoranthene with a maximum concentration of 16,000 ug/kg. Other chemicals detected in
the soil matrix included relatively immobile compounds such as 4,4-DDT (3,900 ug/kg), Aroclor-1248
(420 pg/kg), and Aroclor-{254 (360 ug/kg). Inorganic chemicals were detected in the soil samples in
excess of NSB-NLON background levels.

Two unfiltered groundwater samples collected from one well at the CBU Drum Storage Area contained
various organic compounds including chlorobenzene, xylenes, 4-methylphenol, diethylphthalate, various

PAHs. Concentrations of these chemicals were all less than 31 ug/L. Various inorganics were also

detected in the filtered and unfiltered groundwater samples.

Based on the available analytical results, it is concluded that although some contamination exists at the CBU
Drum Storage Area, it is essentially negligible. The groundwater sample results indicate that the chemicals
in soil at the site (which are primarily immobile compounds such as PAHs, pesticides, and PCBs) have not

impacted the groundwater.

E.1.2 Baseline Human Health Risk Assessment

The CBU Drum Storage Area is a relatively isolated site and the baseline human health risk assessment
focused on exposure scenarios for an older child trespasser and a construction worker. Given current and
anticipated future land and water use, these receptor groups are considered appropriate for the site. All of
the noncarcinogenic risks (HIs) for these receptor groups were below unity. Incremental lifetime cancer risks
were either less than 1E-6 or well within the USEPA's target acceptable risk range. Therefore, it is concluded
that the site poses minimal risk to human health.
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E.1.3 Baseline Ecological Risk Assessment

The CBU Drum Storage Area is currently characterized by compacted soil that supports limited vegetation
and provides no habitat for ecological receptors. Using the conservative assumptions discussed in Section
3.4.4.2, maximum concentrations of contaminants detected in site surface soils (0 to 2 feet) were compared
to benchmark values protective of various terrestrial ecological receptors. The results of these comparisons
indicate that chemicals associated with this site could adversely impact terrestrial vegetation, soil
invertebrates, and terrestrial vertebrates. When the risks associated with the average surface soil
concentrations were evaluated, risks to these receptors were reduced but still exceeded 1.0. However,
because of the current site conditions, actual risks to ecological receptors are likely to be much less than
those calculated for this area. Areas bordering the CBU Drum Storage Area (e.g., the wooded hillside) do
represent desirable habitat for wildlife. Organisms inhabiting this area may come in contact with soil
contaminants associated with the site while moving through the area to forage in the nearby Area A Wetland
or Area A Downstream Watercourses. While potentially exposed to soil contaminants, this exposure is much
more limited than that considered in this evaluation (see Séction 3.4.4.2 for exposure assumptions), thereby
reducing the actual ecological risks associated with this site. The site is relatively small in aerial extent and
is characterized by compacted soil which limits the available habitat to ecological receptors. In addition,
this site is to be capped as part of the Area A Landfill interim remedial action (see Section 5.6.2); capping
the CBU Drum Storage Area will eliminate the possibility that ecological receptors will come in contact with
site contaminants. When the current and future site conditions are factored into this evaluation, it is

concluded that the CBU Drum Storage Area represents little potential risk to ecological receptors.

E.1.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 5.8. Aithough not retained as COCs in the baseline human health risk assessment, dieldrin and
heptachlor epoxide were reported at maxima in excess of Connecticut remediation standards for pollutant
mobility. This indicates that although detected concentrations were less than human health risk-based COC

screening levels, these soil compounds may migrate to groundwater and potentially impact water quality.

For groundwater, minimal exceedances of state standards were observed. Sodium and phenanthrene were
the only groundwater chemicals which were not selected as COCs in the baseline human health risk
assessment. No dose-response parameters are available to quantitatively address exposure to these two
chemicals. It should be noted that the applicable state standard for sodium is a Notification Level of a

drinking water source.
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Recommendations

It is recommended that the CBU Drum Storage Area be considered for no further action based on the

following information:

D-01-85-10

The potential source of contamination which was discovered during the 1982 IAS (26 55-gallon
drums containing waste oil, lube oil, and paint materials) has been removed and no visual

evidence of contamination remains at the site.

Soil and groundwater samples collected in the vicinity of the site yielded, for the most part,
relatively low concentrations of chemicals. Volatile organic compounds were detected in soil
samples at concentrations less than or equal to 380 ug/kg. Only two volatile organic
compounds (chlorobenzene and total xylenes) were detected in groundwater at concentrations

of 12 and 24 ug/L, respectively. All semivolatile organics compounds in groundwater were

detected at concentrations less than or equal to 31 ug/L.

The human health risk assessment concluded that carcinogenic risks were all within USEPA
acceptable risk range of 1E-4 to 1E-6 or below 1E-6. Noncarcinogenic risks were below the

USEPA acceptable level of one for all receptor groups.

The potential for this site to impact ecological receptors from a realistic perspective, is low.
Although the ecological risk assessment concluded that chemicals associated with this site could
adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates; the
calculations were performed using highly conservative estimates. Furthermore, the site is
relatively small in aerial extent (15 feet wide, 30 feet long) and is characterized by compacted
soil that supports limited vegetation and terrestrial species. Therefore, the CBU Drum Storage

Area does not provide a significant habitat for ecological receptors.

The site, which is located within the boundary of the Area A Landfill, will be covered with a low
permeability cap as part of the planned interim remedial action for the Area A landfill. This cap,
which is currently under construction, will eliminate the possibility of potential human and
ecological exposure to soil at the site. Furthermore, the cap will minimize the amount of

precipitation that could infiltrate through the soil and potentially transport contamination to the
groundwater.

ES-4 CTO 129

(



Revision 1
March 1997

E.2 AREA A LANDFILL

This section presents a summary of major findings of the investigations for the Area A Landfill. A summary
of the nature and extent of contamination is provided in Section E.2.1. Sections E.2.2 and E.2.3 summarize
the baseline human health risk assessment and ecological risk assessment for the site, respectively.
Section E.2.4 summarizes the comparison of site data to state standards and Section E.2.5 provides
recommendations regarding additional action or investigatory efforts for the site.

E.2.1 Nature and Extent of Contamination

Relatively high concentrations of various organic and inorganic chemicals were detected in a few soil
samples collected from the Area A Landfil. Examples included such chemicals as ethylbenzene

(28,000 ug/kg), xylenes (140,000 ug/kg), chlorobenzene (4,500 ug/kg), Aroclor-1254 (100,000 ug/kg),
Aroclor-1260 (12,000 ug/kg), and several PAHs. Contamination in the landfill materials appears to be

relatively sporadic. Many of the soil samples collected exhibited only minimal or no contamination.

Groundwater samples collected at this site also demonstrated the sporadic presence of organic chemicals.
Benzene, ethylbenzene, xylenes, dichlorobenzene isomers, naphthalene, 2 methylnaphthalene,
1,1,2,2-tetrachloroethane, and trichloroethene are some of the compounds detected in the groundwater
samples. Concentrations of these analytes ranged as high as 1,200 ug/L (chlorobenzene). It should be
noted that the majority of contamination is limited to the shallqw groundwater. Only one deep monitoring
well, 2LMW13D contained organic compounds. Based on the available analytical results, it is concluded
that the Area A Landfill contains several potentially mobile chemicals at relatively high concentrations and

is acting as a source of groundwater contamination.

E.2.2 Baseline Human Health Risk Assessment

The baseline human health risk assessment for the Area A Landfill site considered the potential exposure
of multiple receptor groups (including fuli-time workers, older child trespassers, and construction workers}.
The assessment demonstrated that construction workers may incur incremental lifetime cancer risks
exceeding the upper bound of the USEPA’s target risk range (1E-4). Elevated noncarcinogenic hazards
were estimated for all receptor groups. Based on the results of the risk assessment, it is concluded that the
Area A Landfill may pose a threat to the public health and to the groundwater at the facility under the

defined exposure scenarios. All potential toxic effeqts for the Area A Landfill are attributed to PCBs.
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E.2.3 Ecological Risk Assessment

As described in Section 6.3.6, the Area A Landfill currently represents generally limited wildlife habitat due
to its gravel cover, the pavement covering the landfill’s concrete pad and proximity to areas of high human
activity (e.g., the Area A Weapons Center). The Area A Landfill does border areas that do represent potential
wildlife habitat or may provide cover for ecological receptors. Using the éonservative assumptions discussed
in Section 3.4.4.2, both the maximum and average concentrations of chemicals detected in surface soils (0
to 2 feet) collected from this site exceeded benchmark values protective of various terrestrial ecological
receptors. The results of these comparisons indicate that chemicals associated with this site could adversely
impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. Potential risks to terrestrial
vegetation and soil invertebrates were associated with the presence of heavy metals. Potential risks to
vertebrate species were almost entirely associated with OCDD, a compound closely related to TCDD. These
results indicate that if the Area A Landfill provided habitat and forage for terrestrial receptors, organisms
utilizing this area would potentially be at risk. However, because of the current conditions associated with
this site, actual risks to ecological receptors are likely to be much less then those calculated for this area.
Areas bordering the Area A Landfill (e.g., the wooded hillside) do represent desirable habitat for wildlife.
Organisms inhabiting this area may come in contact with soil contaminants associated with the site while
moving through the area to forage in the nearby Area A Wetland or Area A Downstream Watercourses.
While potentially exposed to soil contaminants, this exposure is much more limited than that considered in
this evaluation (see Section 3.4.4.2 for exposure assumptions), thereby reducing the actual ecological risks
associated with this site. In addition, this area is to be capped (see Section 6.1); capping the Area A Landfill
will eliminate the possibility that ecological receptors will come in contact with these chemicals. When the
current and future site conditions are factored into this evaluation, it is concluded that the Area A Landfill

represents little potential risk to ecological receptors.

E.2.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 6.8. Although not retained as COCs in the baseline human health risk assessment, ethylbenzene,
xylenes, phenanthrene, dieldrin and heptachlor were reported at maxima in excess of Connecticut

remediation standards for pollutant mobility.

While these compounds may migrate to groundwater and potentially impact water quality, no dose-response
parameters are available to quantitatively evaluate exposure to phenanthrene, and detected maximum
concentrations for the remaining chemicals were less than human health risk-based COC screening levels

for soil ingestion.
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For groundwater, maxima of a few chemicals (xylenes, phenanthrene, copper, sodium, and zinc) exceeded
the applicable state standards, but were not identified as COCs in the baseline human health risk
assessment. No dose-response parameters are available to quantitatively address exposure to phenanthrene
and sodium. it should be noted that the applicable state standard for sodium is a Notification Level for a
drinking water source. The remaining chemicals were reported at concentrations less than the risk-based
COC screening levels for tap water ingestion.

E.25  Recommendations

It is recommended that a "limited action" approach, involving a groundwater monitoring program and
access/use restrictions be implemented at the Area A Landfill, in addition to the planned Area A Landfill cap.

This recommendation is based on the following information:

° Relatively high concentrations of organic and inorganic chemicals were detected in a few soil
samples at the site. The soil contamination appears to be located sporadically throughout the
site.

° Groundwater contamination exists at the site and is primarily limited to the shallow groundwater.

e  Noncarcinogenic hazards exceed the USEPA acceptable limit of one for all receptor groups with
the exception of the CTE older child trespasser and the CTE full-time employee. Lifetime
incremental carcinogenic risks exceed the upper bound (1E-4) of USEPA's acceptable target risk
range for the construction worker under the RME scenario. Therefore, the landfill may pose a
threat to human receptors at the facility. This threat is due entirely to the presence of PCBs at
the site.

¢  Chemicals in the soil could adversely impact ecological receptors. It shouid be noted, however,
that the site does not provide a desirable ecological habitat and highly conservative assumptions
were used to evaluate ecological risks. Furthermore, the installation of the cap will eliminate

risks to ecological receptors.

As required by the September 1995 ROD, the Navy is planning to cap the Area A Landfill and to intercept
the upgradient surface runoff and shallow groundwater before entering the site as part of an Interim
Remedial Action (IRA). Groundwater at this site will also be monitored as required by the ROD. The
planned IRA will eliminate the dermal contact exposure route and reduce infiltration and subsequent

contaminant loading to the groundwater. The IRA was originally intended to address minimization of risk
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associated with soils at this site pending the outcome of this Phase |l Rl effort, which would address all
remaining media. However, the components of the IRA (cap, upgradient surface runoff and shallow
groundwater interception, and long-term post-closure shallow and deep groundwater monitoring) are
presently addressing all media of concern identified in this report (soil and groundwater). The need for
remedial action for groundwater at this site will be evaluated as the resuits of the groundwater monitoring

program become available.
E.3 AREA A WETLAND

This section presents a summary of major findings of the investigations for the Area A Wetland site. A
summary of the n(ature and extent of contamination is provided in Section E.3.1. Sections E.3.2 and E.3.3
summarize the baseline human heaith risk assessment and ecological risk assessment for the site,
respectively. Section E.3.4 summarizes the comparison of site data to state standards and Section E.3.5

provides recommendations regarding additional action or investigatory efforts for the site.

E.3.1 Nature and Extent of Contamination

Various media including surface water, groundwater, sediment, and soil were sampled at the Area A Wetland
during the Phase Il Rl. For the most part, very little evidence of groundwater and surface water
contamination was evident in the samples collected at this site. For example, carbon disulfide (2 ug/L in
one sample) and xylenes (1 ug/L in one sample) were the only volatile organics detected in groundwater
samples. Low concentrations of various semivolatile organics were detected in the groundwater.
Bis(2-ethylhexyl)phthalate was detected at the highest concentration (30.5 ug/L). Only one organic
chemical (tetrachloroethene) was detected in surface water at the site. This compound was detected in one

of nine samples obtained at the site, and the concentration was 2 ug/L.

Several volatile organics were detected in the sediment and soil matrices, although most concentrations are
also relatively low. The most concentrated volatile organic detected was 2-butanone (1,400 ua/kag). By
contrast, relatively high concentrations of various PAHs were found in the sediment and surface soil
samples. Concentrations of these analytes ranged as high as 80,000 ug/kg (fluoranthene). Several
pesticides and one PCB (Aroclor-1260 at a maximum concentration of 1,500 ug/kg) were also detected in
the sediment samples. 4,4’-DDD, 4,4'-DDE, and 4,4’-DDT were detected most frequently and at the highest
concentrations (up to 4,800 ug/kg). Chemicals detected at high concentrations in the solid matrices are

all considered to be relatively immobile in the environment, as a result of their relatively low solubilities

and/or high absorption tendencies.
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E.3.2 Baseline Human Health Risk Assessment

The baseline risk assessment for the Area A Wetland focused on an older child trespasser and a

construction worker. Exposure to surface water, soil /sediment, and groundwater were considered.

Noncarcinogenic risks (His) for the construction worker and older child trespasser under the RME scenario
exceeded unity. However, no toxic effects are anticipated for the older child trespasser since chemicals
contributing the most to the cumulative risks for this receptor do not impact similar target organs. For the
construction worker, manganese (groundwater) contributes significantly to the elevated noncarcinogenic

risks. It should be noted that manganese is relatively abundant in the environment.

Lifetime incremental cancer risks for the CTE scenarios for the trespasser and construction worker were less
than 1E-6, the lower bound of the USEPA target risk range. Lifetime incremental cancer risks exceeded
1E-6 for the RME trespasser (4.2E-5) and the RME construction worker (1.2E-5). Primary contributors to

the cancer risk estimates for both receptors include PAHs and arsenic.

E.3.3 Ecological Risk Assessment

The Area A Wetland is dominated by the reed Phragmites commonis. While providing cover, no wildlife
species are known to utilize this emergent as a food source. The dominance of the wetland by Phragmites
diminishes the habitat quality of this area. However, areas near the wetland do provide good habitat for
ecological receptors that may forage in the wetlands and use it as a source of drinking water. Organisms
utilizing this area may come in contact with surface water, sediments, and soil contaminants associated with
the site while searching for food, ingesting water and prey, or burrowing in the soil (e.g., soil invertebrates).
Using the conservative assumptions discussed in Section 3.4.4.2, the maximum chemical concentrations
in these three media were compared to benchmark values protective of various aquatic and terrestrial
ecological receptors. The results of these comparisons indicate that chemicals associated with this site
could adversely impact aquatic biota, terrestrial vegetation, soil invertebrates, and terrestrial vertebrates.
When the risks associated with the average concentrations were evaluated, risks to these receptors were
somewhat reduced but still exceeded 1.0. These results suggest that chemicals detected in surface water,
sediment, and surface soil at the Area A Wetland represent a potential risk to both aquatic and terrestrial

receptors.
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E.3.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 7.8. Fluoranthene, pyrene, and dieldrin in the soil and sediment samples were not retained as COCs
in the baseline human health risk assessment, but were reported at maxima in excess of Connecticut
remediation standards for pollutant mobility. Although detected concentrations were less than risk-based
COC screening levels, these soil /sediment compounds may migrate to groundwater and potentially impact
water quality.

For groundwater, sodium was the only chemical which exceeded a state standard, but was not retained as
a COC for the human health risk assessment. It should be noted that the applicable state standard for
sodium is a Notification Level for a drinking water source and no dose-response parameters are available
to quantitatively address exposure to this chemical.

Mercury was the only surface water chemical which exceeded the state AWQC for human health, but was
not retained as a COC in the baseline human health risk assessment. The maximum detections of this
chemical in unfiltered and filtered surface water samples were less than the risk-based concentration for tap
water ingestion and only slightly exceeded the state AWQC for consumption of organisms and/or water and

organisms.

E.3.5 Recommendations

It is recommended that the site proceed to a Feasibility Study (FS) to evaluate a “limited action" effort,
consisting of a groundwater monitoring program and possibly access/use restrictions.  This

recommendation for the Area A Wetland is based on the following information:

® Little evidence of surface water or groundwater contamination is present at the site. Only one
organic chemical (tetrachloroethene) was detected in surface water at the site. Carbon disulfide
(2 ug/L in one sample) and xylenes (1 ug/L in one sample) were the only volatile organics
detected in groundwater samples. Low concentrations of semivolatile organic compounds [the
highest concentration detected was 30.5 ug/L of bis(2-ethylhexyl)phthalate] were detected in

groundwater.
®  Although significant concentrations of PAHs, pesticides, and one PCB were detected in soil and

sediment samples, these compounds are considered somewhat immobile in the environment.

Several volatile organic compounds were detected at relatively low concentrations in the soil and
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sediment. 1t is also noted that elevated concentrations of PAHs were detected in sample
location 2WSD9. The location of this sample suggests that the Area A Weapons Center may
represent the source of contamination. This finding will be discussed further in Chapter 8,
Site 20 - Area A Weapons Center.

e The human health risk assessment concluded that carcinogenic risks were less than 1E-6 or
within the USEPA target risk range of 1E-6 to 1E-4. Noncarcinogenic risks were below the
USEPA acceptable level of one for the CTE. However, the RME construction worker may
experience toxic effects since the cumulative Hl exceeded one. The human health risk
assessment assumed that the construction worker would come in direct contact with soil and
groundwater at the site. It is required (per OSHA standards for work on hazardous waste sites)
that Health and Safety measures (i.e., personal protective equipment and monitoring) be
instituted to minimize direct soil and groundwater contact during future construction. Therefore,
following these health and safety measures would lower the risk to the construction worker to
acceptable levels. Furthermore, the majority of the construction worker risk is attributable to the

presence of manganese in groundwater which is a commonly detected inorganic.

e The Area A Wetland is dominated by Phragmites which does not provide a food source to
ecological species. Although the Area A Wetland provides a good habitat for ecological
receptc:s and potential risks exist for aquatic and terrestrial receptors; the calculations were
performed using highly conservative estimates. Furthermore, obvious ecological impacts have

not been observed to date.

The exact extent of the "limited action” alternative will be developed during the FS phase of this project.
Groundwater monitoring will likely be the major process option in any limited action remedial alternative
developed for the Area A Wetland; however, access/use restrictions on certain media at the site may be
used to augment monitoring in certain limited action plans. The FS will evaluate "limited action” alternatives
{for instance, monitoring with and without access/use restrictions) as well as a "no action" alternative and
one or more "active remediation” alternatives. A "limited action” alternative may only be implemented at the
Area A Wetiand if it compares favorably in the feasibility study to other "no action" and "active remediation”

alternatives.
E.4 AREA A WEAPONS CENTER
This section presents a summary of major findings of the Phase Ii Rl for the Area A Weapons Center. A

summary of the nature and extent of contamination is provided in Section E.4.1. Sections E.4.2 and E.4.3

D-01-95-10 ES-11 CTO 129



Revision 1
March 1997

summarize the baseline human health risk assessment and ecological risk assessment for the site
respectively. Section E.4.4 summarizes the comparison of site data to state standards and Section E.4.5

provides recommendations regarding additional action or investigatory efforts for the site.

E.4.1 Nature and Extent of Contamination

Organic and inorganic chemicals were detected in the various media samples at the Area A Weapons
Center. The most prevalent chemicals detected included phthalate esters and PAHs. Volatile organic
chemicals were also detected, but the concentrations were typically quite low. The highest detection of a
volatile organic chemical in soil was 690 ug/kg (acetone), with most other volatile organic concentrations
being much lower. By contrast, PAHs were detected at concentrations ranging as high as 5,700 ug/kg in

the soil matrix.

Analytical results for groundwater samples indicate that little impact on groundwater has occurred as a result
of surficial contamination at the site. Few organic chemicals were detected in groundwater, and all

concentrations were 12 ug/L or less. However, a few metals (most notably manganese at a maximum

concentration of 6,540 ug/L) were detected at elevated concentrations in the groundwater samples.

Similarly, surface water results indicate that little impact on surface water quality has occurred. The only
organic chemicals detected in surface water were di-n-octylphthalate and butylbenzylphthalate (both 2 ug/L

or less).

Sediment analytical results are consistent with those for the soil samples; PAHs were detected in sediment
samples from the three drajnage areas at concentrations ranging as high as 6,300 ug/kg (fluoranthene and
pyrene). Other organics detected in sediment samples included pesticides (e.g., endrin aldehyde at
140 pg/kg), trichloroethene (22 ug/kg), and methylene chloride (22 ug/kg). The most pervasive and
concentrated chemicals detected in solid matrices at the site were PAHs, which are ubiquitous chemicals
often associated with the use of asphalt paving materials or automobile or stack emissions. Numerous

metals were also detected in sediment samples, with elevated concentrations of a few metals (most notably
cadmium, lead and manganese).

Overall, the analytical data indicate that minimal contamination other than that which is often found in urban

and industrial areas exists at the site. Furthermore, the data for surface water and groundwater samples

indicate that the site is not acting as a source of contamination for downstream or downgradient locations.
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E.4.2 Baseline Human Health Risk Assessment

Three potential receptor groups were considered for the Area A Weapons Center based on current and
projected future land use. These include full-time employees, construction workers, and potential future

residents. Both noncarcinogenic and carcinogenic risk estimates were generated for these receptor groups.

Noncarcinogenic risk estimates for the full-time employee and the construction worker for the CTE were less
than one. Noncarcinogenic risks for the RME construction worker and potential future residents (CTE and
RME) exceed the USEPA acceptable level of one. Future residents are assumed to use groundwater as a
potable water supply, whereas construction workers are exposed to groundwater via dermal contact only.
The majority of the noncarcinogenic risks are associated with exposure to manganese in groundwater, which
is a commonly found naturally occurring metal. Arsenic and thallium are additional noncarcinogens of
concern for the future resident exposed to groundwater. Incremental lifetime cancer risks except for the
RME future resident, were less than 1E-6 or within the USEPA’s acceptable target risk range of 1E-4 to 1E-6.
Carcinogenic risks for future residents are primarily attributable to the presence of dibenz(a,h)anthracene

and arsenic.

E.A3 Ecological Risk Assessment

As described in Section 8.7, the Area A Weapons Center currently represents an undesirable wildlife habitat;
the site is well-developed and characterized by buildings, weapons storage bunkers, paved areas between
the bunkers and maintained lawns. Drainage ditches in this area typically to not contain standing water for
any extended period of time and currently do 'not support an aquatic community. However, the Area A
Weapons Center does border areas that do represent a potential wildlife habitat. Using the conservative
assumptions discussed in Section 3.4.4.2, both the maximum and average concentrations of contaminants
detected in surface water, sediment, and surface soils collected from this site exceeded benchmark values
protective of various aquatic and terrestrial ecological receptors. The results of these comparisons indicate
that chemicals associated with this site could adversely impact aquatic biota, terrestrial vegetation, and
terrestrial vertebrates if present. However, none of the chemicals detected at this site represent a risk to

soil invertebrates.

However, it should be noted that the primary concern with respect to soil invertebrates and heavy metal
contaminants is not the direct impact of these contaminants, but the fact that soil invertebrates, particularly
earthworms, can tolerate these contaminants in their tissues. This is particularly true of cadmium; these soil
invertebrates are known to greatly concentrate cadmium relative to soil (Beyer, 1980). Therefore, although

these results suggest that soil invertebrates are not being adversely impacted by soil contaminants detected
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at this location, it is possible that predators feeding on these organisms may be exposed to soil

Al

contaminants concentrated in their tissue.

The results of the ecological risk assessment indicate that with the exception of soil invertebrates, organisms
using this area would potentially be at risk, assuming that the Area A Weapons Center provided habitat and
forage for terrestrial receptors. However, because of the current conditions associated with this site, actual
risks to ecological receptors are likely to be much less then those calculated for this area. For instance, the
results of this conservative assessment indicated that terrestrial vegetation would be adversely impacted.

However, the site does support a well-established lawn. Areas bordering the Area A Weapons Center (e.g., -

the nearby upland coniferous/deciduous forest) do represent a desirable habitat for wildlife. Organisms
inhabiting this area may come in contact with surface water, sediment, or soil while moving through the area
to forage in the nearby Area A Wetland or upland areas. While potentially exposed to soil contaminants,
this exposure is much more limited than that considered in this evaluation (see Section 3.4.4.2 for exposure
assumptions), thereby reducing the actual ecological risks associated with this site. When the current site
conditions are factored into this evaluation, it is concluded that the Area A Weapons Center represents littie
potential risk to ecological receptors that might utilize this area. However, it should be noted that, due to
potential transport from this site, contaminants associated with the Area A Weapons Center may be
impacting organisms inhabiting the Area A Wetland.

E.4.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 8.8. All soil chemicals reported at maxima in excess of Connecticut remediation standards for

- pollutant mobility were identified as COCs in the baseline human health risk assessment.

For groundwater, almost all of the chemicals found at concentrations exceeding state standards were
retained as COCs in the baseline human health risk assessment, except for bis(2-ethylhexyl)phthalate and
sodium. No dose-response parameters are available for sodium, and it should be noted that the applicable
state standard for this chemical is a Notification Level for a drinking water source. Although the maximum
detection of bis(2-ethylhexyl)phthalate exceeded the groundwater protection criteria, the maximum

concentration of this chemical was less than the risk-based COC screening level.

Surface water and sediment data were also compared to state standards. With respect to state AWQC for
human health, only arsenic was found at a maximum exceeding the applicable criteria. This chemical was
identified as a COC for surface water in the human health risk assessment. For sediment,

benzo(k)fluoranthene was reported at a maxima exceeding the pollutant mobility criteria, but was not

D-01-95-10 ‘ ’ ES-14 CTO 129

(

ti !



Revision 1
March 1997

retained as a COC in the human health risk assessment. Although the maximum of this chemical was less

than the risk-based COC screening criteria for soil ingestion, this chemical may migrate to groundwater and

potentially impact water quality.

E.A.5

Recommendations

It is recommended that this site proceed to a Feasibility Study (FS) to evaluate a "limited action" effort

consisting of a groundwater monitoring program and possibly access/use restrictions.  This

recommendation for the Area A Weapons Center is based on the following supporting information:

D-01-95-10

The potential exists for contaminants to migrate from the site to the Area A Wetland and impact
ecological receptors. Although notable levels of contamination have been detected in soils and
sediment at the site, the most prevalent contaminants detected included phthalate esters and
PAHs, which are relatively less soluble compounds, and are therefore, less mobile. Volatile
organic chemicals were detected at low coﬁcentrations, with the maximum detected volatile
organic concentration in soil of 690 ug/kg (acetone in one sample). Elevated concentrations
of PAHs were detected in one of the Area A Wetland sediment samples (2WSD9) which was
located in a drainage ditch exiting the Area A Weapons Center. Although this suggests that the
Weapons Center is a contaminant source, it is believed that the contamination is limited in
extent. This is supported by the fact that Weapons Center sediment sample 2WCSD11, which
is located immediately adjacent to 2WSD3, only exhibited marginal concentrations of PAHs.

Analytical results indicate minimal contamination of surface water and groundwater. The only
organic compounds detected in surface water were di-n-octylphthalate and butylbenzylphthalate

(both at concentrations of 2 ug/L or less). Few organic compounds were detected in

groundwater samples at the site, and all concentrations were less than 12 ug/L. Manganese
has been detected in groundwater at elevated concentrations at the site, however this finding
is consistent with the frequent detection of this chemical element at numerous other sites at the

facility, and in the proximate Thames River.

Low human health risks are associated with the site, based on the current land use scenario.

The noncarcinogenic risk estimates were all below the USEPA acceptable level of one for the
full-time employee and the construction worker under the CTE and above one for the
construction worker under the RME and potential future resident. The calculated incremental
lifetime cancer risks were all less than 1E-6 or within the USEPA acceptable target risk range of

1E-4 to 1E-6, for all scenarios except the RME future resident. The elevated risks to the
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construction worker and future resident are primarily attributable to exposure to groundwater

beneath the site. It is unlikely that the future residential and construction worker scenarios that

(

were evaluated would occur under future land use. It is required (per OSHA standards for work
on hazardous waste sites) that health and safety measures (i.e., personal protective equipment
and monitoring) be instituted to minimize direct soil and groundwater contact during future
construction. Therefore, following these health and safety measures would lower the risk to the
construction worker to acceptable levels. It is aiso unlikely that a future resident would contact
groundwater beneath the site due to the availability of public water. Eliminating exposure to
groundwater beneath the site would therefore lower the risk to USEPA acceptable levels.
Furthermore, the majority of noncarcinogenic risk to the future resident and construction worker

is attributable to exposure to manganese, which is a commonly found naturally occurring metal.

e  The Area A Weapons Center consists of a well developed area that is characterized by buildings,
bunkers, paved areas, and lawns. These features represent an undesirable wildlife habitat.
Therefore, it is highly unlikely that organisms inhabiting the area around the site would spend a
significant amount of time at the site. Although the ecological risk assessment concluded that
chemicals at the site could adversely impact ecological receptors, the evaluation performed used
highly conservative assumptions and the actual risks would be significantly lower. In addition,

none of the chemicals detected at this site represent a risk to soil invertebrates. When the

(

current site conditions are factored into this evaluation, it is concluded that the Area A Weapons

Center represents little potential risk to ecological receptors.

The exact extent of the "limited action" alternative will be developed during the FS phase of this project.
Groundwater monitoring will likely be the major process option in any limited action remedial alternative
developed for the Area A Weapons Center; however, access/use restrictions on certain media at the site
may be used to augment monitoring in certain limited action plans. The FS will evaluate "limited action"
alternatives (for instance, monitoring with and without access/use restrictions) as well as a "no action”
alternative and one or more "active remediation” alternatives. A "limited action" alternative may only be
implemented at the Area A Wetland Site if it compares favorably in the feasibility study to other "no action"

and "active remediation" alternatives.
E.5 AREA A DOWNSTREAM WATERCOURSES AND OVER BANK DISPOSAL AREA
This section presents a summary of major findings of the Phase Il Rl for the Area A Downstream

Watercourses. A summary of the nature and extent of contamination is provided in Section E.5.1.

Section E.5.2 and E.5.3 summarize the baseline human health risk assessment and the ecological risk v“‘;
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assessment for the site, respectively. Section E.5.4 summarizes the comparison of site data to State
standards and Section E.5.5 provides recommendations regarding additional action or investigatory efforts
for the site.

The Area A Downstream Watercourses and OBDA site were divided into six distinct zones. These zones
were derived based on surface water drainage features for the evaluation purposes of this Phase Il Rl. The
zones are shown on Figure 9-2 and Drawing 23 (Volume lll). Zone 1 includes the Over Bank Disposal Area
and OBDA Pond and follows Stream 1 which enters a storm sewer and flows west to the west side of North
Lake. Zone 2 includes Lower Pond and Stream 3 and circles north and then west to the west side of North
Lake. Zone 3 includes Stream 4, Upper Pond, and Stream 3 and generally parallels Triton Road to the
entrance of the Torpedo Shops. Zone 4 includes North Lake. Zone 5 follows Stream 5 from the entrance
of the Torpedo Shops along Triton Road through the Small Arms Range, across Shark Boulevard, and
eventually reaching the Thames River. Zone 6 includes an area from the west side of North Lake along

Stream 6, across Shark Boulevard, and west to Thames River.

E.5.1 Nature and Extent of Contamination

Various organic and inorganic chemicals were detected in multiple environmental media samples in the Area
A Downstream Watercourses and OBDA. Multiple chemicals were detected in various water bodies,
primarily in the sediment matrix, most notably in Zones 1, 2, and 3. Although many compounds were
detected, those that are most concentrated include 4,4-DDT and its metabolites. In addition, the
concentrations of some metals in the sediments (e.g., arsenic and lead) were also high. Concentrations of
several metals, particularly boron, iron, and manganese, were higher in surface water samples collected
during the ecological study than in associated reference samples. Finally, organic chemicals were
sporadically detected in groundwater; most notably, vinyl chloride was detected in one well at a

concentration of 130 ug/L. The source of this vinyl chloride is believed to be associated with historical

waste disposal from the abandoned Torpedo Shops leach beds sewer disposal system.

E.5.2 Baseline Human Health Risk Assessment

Three potential receptor groups were considered for the baseline risk assessment: older child trespassers
and construction workers at Zones 1, 2, 3, 5, and 6 and adult and child recreational users at North Lake
(Zone 4). All noncarcinogenic risks for recreational users at North Lake were below the USEPA acceptable
level of one and all cancer risks were within the USEPA acceptable target risk range of 1E-6 to 1E-4.
Noncarcinogenic risks for RME older child trespasser at Zones 1 and 2 exceeded the USEPA acceptable

level of one. Noncarcinogenic risks for the RME construction worker exceeded one for all zones. All
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carcinogenic risks were either within the USEPA acceptable target risk range of 1E-6 to 1E-4 or less than
1E-6.

Noncarcinogenic risks associated with dermal exposure to groundwater for the construction worker are
attributed to detections of antimony and manganese; carcinogenic risks for this exposure route are a result
of exposure to vinyl chloride and 1,1,2,2-tetrachloroethane. In general, those chemicals contributing
significantly to the carcinogenic risks associated with soil/sediment for most zones include 4,4'-DDD,
4,4’-DDT, arsenic, and beryllium. 4,4’-DDT contributes the most to the overall carcinogenic risks for surface
water for Zones 1, 2, and 3. Although lead was identified as a chemical of concern, the calculated blood

lead level associated with this chemical was below the published level of concern.

E.5.3 Ecological Risk Assessment

When the maximum and average concentrations of chemicals detected in surface water and sediments were
compared to benchmark values protective of aquatic receptors, HQs greater than 1.0 were calculated for
all of the streams and ponds present in the Area A Downstream Watercourses and OBDA. The pesticide,
4,4'-DDT and DDT residues (DDTR) often accounted for the majority of the potential risk to these receptors.
Heavy metals in the sediments also contributed to risk, but generally not to the same degree as that
associated with the presence of DDT and DDTR.

The results of macroinvertebrate studies conducted as part of the Phase Il Rl supplemental ecological
investigations demonstrated that the communities in these systems were generally characteristic of with
those associated with small, ephemeral, first-order systems. The streams in the Area A Downstream
Watercourses and OBDA supported few taxa and generally exhibited low numbers and limited diversity of
individuals. These results suggest that conditions associated with the Area A Downstream Watercourses
and OBDA streams were suppressing the benthic community.

Comparisons between the macroinvertebrate community in the Upper Pond, OBDA Pond, and Lower Pond
and the reference ponds also demonstrated that these communities were stressed. The differences between
the Lower Pond macroinvertebrate community and the community in Niantic Pond (reference location for
Lower Pond) were marked. In fact, of the waterbodies examined in the Area A Downstream Watercourses
and OBDA, the macroinvertebrate community present in the Lower Pond exhibited the greatest indication
of stress. The results of the macroinvertebrate survey conducted in 1995 were generally consistent with
those documented in the study performed in support of the Focused Feasibility Study; the Area A
Downstream Watercourses and OBDA macroinvertebrate community exhibited indications of adverse

impacts as compared to the communities present in the reference locations.
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Toxicity tests were also performed to document the toxicity of sediments collected from the Area A
Downstream Watercourses and OBDA waterbodies. Frog embryos and two species of macroinvertebrates
were exposed to sediments collected in 1995. The results of these tests demonstrated that exposure to
sediments collected from the Area A Downstream Watercourses and OBDA waterbodies adversely impacted
both of the macroinvertebrate species (i.e., little or no survival). These results were similar to those studies
conducted in support of the Focused Feasibility Study which indicated that survival among
macroinvertebrate test organisms exposed to sediments collected from the three Area A Downstream
Watercourses and OBDA ponds was significantly reduced. On the other hand, impacts to frog embryos
exposed to sediments collected in 1995 from all Area A Downstream Watercourses and OBDA locations
except the OBDA and Lower Ponds were not significantly different from those exhibited by embryos exposed
to reference sediments. These results, coupled with the results of the macroinvertebrate survey and the
concentrations of chemicals detected in surface and sediment samples, indicated that the Area A
Downstream Watercourses and OBDA aquatic macroinvertebrates are at risk.

Comparison of surface soil (0’ - 2') contaminant levels to phytotoxic benchmarks determined that no
chemicals were present in concentrations that resulted in HQ values greater than 1.0. In addition, hone of
the chemicals detected in surface soils were present in concentrations in excess of benchmark values

protective of soil invertebrates.

This ecological risk assessment also assessed the potential risks to terrestrial vertebrate receptors. Both
maximum and average concéntrations of chemicals resuited in HQs greater than 1.0. With few exceptions,
the primary means of exposure to contaminants associated with the Area A Downstream Watercourses and
OBDA was through the ingestion of contaminated prey (e.g., soil invertebrates or frogs).  Exposure to
contaminates in drinking water or through the incidental ingestion of soil or sediments represented little

potential risk to these receptors.

These results indicate that, of the various receptors examined in this ecological risk assessment, aquatic
macroinvertebrates were being most adversely impacted by the contaminants detected in surface water and
sediments associated with the streams and ponds in the Area A Downstream Watercourses and OBDA.
Based on the conservative assumptions summarized in Section 3.4, indirect impacts to vertebrate receptors
as a result of exposure to chemicals through the food chain is also of concern. However, while reducing
media-specific concentrations of chemicals should lessen the impacts to macroinvertebrate receptors, the
physical nature of these small, ephemeral systems will ultimately limit the size and diversity of the
macroinvertebrate population that can be supported by the Area A Downstream Watercourses and OBDA

waterbodies.
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E.5.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 9.8. Although not selected as COCs in the baseline human health risk assessment, alpha-chlordane
(Zone 1), gamma-chiordane (Zones 1 and 3) and heptachlor (Zones 1 and 3) were detected in site
soil/sediment samples at maximum concentrations exceeding the Connecticut remediation standards. While
these chemicals may migrate to groundwater and potentially impact water quality, reported maxima were

less than the risk-based COC screening levels for soil ingestion.

For groundwater, which was evaluated as one entity for the entire site, several exceedances of state
standards were observed in the unfiltered and filtered samples. All of these chemicals, except sodium and
zinc, were retained as a COC in the baseline human health risk assessment. No dose-response parameters
are available to quantitatively evaluate exposure to sodium. It should also be noted that the applicable
Connecticut standard for this chemical is a Notification Level for a drinking water source. Although the
surface water protection criteria was exceeded for zinc in groundwater, the associated maximum detection

of this analyte was less than the risk-based COC screening criteria for ingestion of tap water.

Surface water data were compared to Connecticut Water Quality Standards for human health. 4,4’-DDT
(Zones 5 and 6) and mercury (Zones 1 and 6) were detected at maxima in excess of these state standards,
but were not identified as COCs in the baseline human health risk assessment. These surface water
chemicals were not quantitatively evaluated in the risk assessment since maximum detections were less than

the risk-based COC screening levels for ingestion of tap water.

E.5.5 Recommendations

It is recommended that the Feasibility Study that was prepared for this site be revisited to focus on pesticide
contamination in soil and sediments associated with Zones 1, 2, and 3. Data from this Phase Il Rl Report
can be used to define cleanup criteria for the site based on both human health and ecological risks.
Additional sampling will also be required to better delineate the extent of pesticide contamination and to
determine the origin of volatile organic contamination in groundwater. Finally, it is recommended that the
debris associated with the OBDA be removed. This group of recommendations is supported by the
following information:

° Notable detections of pesticides exist in soils and sediments at the site. Soil concentrations of
pesticides range as high as 1,400,000 ug/kg (4,4'-DDT) and sediment pesticide concentrations
range as high as 850,000 ug/kg (4,4'-DDD).
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Organic compounds were detected in groundwater at the site and the source is unknown. Well
2DMW23S detected vinyl chloride as high as 130 ug/L. Further investigation of the origin of this
contamination is needed. lt is possible that the contamination is derived from the abandoned
Torpedo shops leach field sewer system which is located in the vicinity of this well. Monitoring
of the groundwater in other wells located at this site are also needed.

The human health risk assessment concluded that noncarcihogenic risks (hazard indices)
exceeded the USEPA acceptable level of one for the RME older child trespasser for Zones 1 and
2 and the RME construction worker for all zones. Lifetime incremental cancer risks for all zones
were either within the USEPA target risk range of 1E-6 to 1E-4 or less than 1E-6. The
noncarcinogenic risks for the construction worker are partially attributable to exposure to
manganese in groundwater beneath the site. Manganese is a commonly found naturally
occurring metal. It should be noted that it is required (per OSHA standards for work on
hazardous waste sites) that Health and Safety measures (i.e., personal protective equipment and
monitoring) be instituted to minimize direct soil and groundwater contact during future
construction. Therefore, following these measures would lower the risk to the construction

worker to acceptable levels.

The ecological risk assessment indicated that the concentrations of DDTR represent a potential
risk to aquatic organisms. The ecological risk assessment concluded that aquatic biota (benthic
macroinvertebrates) present in the Area A Downstream Watercourses and OBDA are at risk as
a result of exposure to contaminants present in surface water and sediments. Vertebrate
receptors may also be at risk as a result of indirect exposure to site contaminants through
consumption of prey. Although the physical nature of these small emphemeral systems
ultimately limits the size and diversity of the aquatic community supported by Area A
Downstream Watercourses and OBDA waterbodies, the presence of contaminants in surface
water and sediments, particularly organic contaminants, and the apparent potential for continued

contaminant migration, represent long term potential risks to aquatic biota.

It is also recommended that no further action is required for North Lake for the following reasons:

D-01-95-10

No organic compounds were detected in surface water samples collected during the Phase | or
Il Ris. Organic compounds were detected in surface water samples collected by the Navy,
however, the concentrations were relatively low. Beach sand comprises the sediment at North
Lake.
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e  There does not appear to be direct hydraulic connection between North Lake surface water and
adjacent groundwater or surface water at the site. Surface water from the Area A Downstream

watercourses is diverted around North Lake.

e  North Lake is refilled every year with potable water.

e Al noncarcinogenic risks for recreational users were below the USEPA acceptable level of one
and all carcinogenic risks were within the USEPA acceptable target risk range of 1E-6 to 1E-4.
Therefore, no unacceptable risks are associated with recreational exposure at North Lake.

The recommended focused feasibility study report covering site soil, sediments and surface water has been
submitted as a revised draft (B&R Environmental, December 1996). This document recommends further
work at the site including additional sampling of soils and sediments to confirm the extent of DDTR
contamination and to verify the existence of and define the extent of dioxin contamination at the site. In

addition, the recommended removal of debris associated with the OBDA has been completed.

E.6 RUBBLE FILL AREA AT BUNKER A-86

This section presents a summary of major findings of the Phase 1i Rl for the Rubble Fill Area. A summary
of the nature and extent of contamination is provided in Section E.6.1. Sections E.6.2 and E.6.3 summarize
the baseline human health risk assessment and ecological risk assessment for the site, respectively.
Section E.6.4 summarizes the comparison of site data to State standards and Section E.6.5 provides

recommendations regarding additional action or investigatory efforts for the site.

E.6.1 Nature and Extent of Contamination

Multiple organic and inorganic chemicals were detected in soil and sediment samples collected in and
around the Rubble Fill Area. Groundwater and surface water samples were found to be relatively pristine
in spite of the presence of contamination in the solid matrices. This is primarily attributable to the sorptive
nature of the chemicals found at the highest concentrations in the Rubble Fill Area, which included metals,
phthalate esters, and polynuclear aromatic hydrocarbons. Based on the detection of high concentrations
of such chemicals in the sediment matrix (as well as the surface soil) it appears that the Rubble Fill Area is
contributing to downslope sediment contamination. However, since the swale at the site receives
stormwater from various locations along Wahoo Avenue, it is possible that other sources (e.g., asphalt

roadways) could account for some, of the downstream contamination. It should be noted that surface water
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flows in the site ditch and swale during, and immediately after, precipitation events. Therefore, transport of

contaminants via surface water erosion would exist only during these circumstances.

E.6.2 Baseline Human Health Risk Assessment

The baseline risk assessment for the Rubble Fill Area included consideration of two primary receptor groups:
construction workers and older child trespassers. Noncarcinogenic risk estimates were below the USEPA
acceptable level of one for the older child trespasser under the RME and CTE and the construction worker
under the CTE. Although the noncarcinogenic risk estimate for the RME construction worker slightly
exceeds one, no adverse effects are anticipated for this receptor since the major contributors to the
cumulative hazards do not impact thezsame target organs. Incremental lifetime cancer risks for both
receptors are within the USEPA’s acceptable target risk range of 1E-6 to 1E-4 under both exposure
scenarios. It is therefore concluded that the site poses little risk to human health.

E.6.3 Ecological Risk Assessment

The 25 feet by 60 feet Rubble Fill Area currently provides limited habitat for ecological receptors. However,
habitat bordering this site is more likely to support ecological receptors. Contaminants were detected in
samples collected from both within and outside the 25 feet by 60 feet area designated as the Rubble Fill
Area. Using the conservative assumptions discussed in Section 3.4.4.2, the maximum concentrations of
chemicals detected in surface soils (0 to 2 feet) were compared to benchmark values protective of various
terrestrial ecological receptors. The results of these comparisons indicate that detected chemicals coulid
adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates. When the risks
associated with the average concentrations in surface soil were evaluated, risks to these receptors were
reduced, but still exceeded 1.0. A number of the contaminants representing a risk to ecological receptors
were collected from areas outside the Area A Rubble Fill boundaries. These results indicate that because
of the current site conditions within the Area A Rubble Fill ecological receptors are unlikely to utilize the area
and the risks to these receptors are lower then those calculated as part of this investigation. However,
because a number of contaminants (e.g., arsenic and PAHs) representing a potential risk to ecological
receptors were detected outside of the Rubble Fill boundaries in ecologically desirable habitats, it is possible
that ecological receptors are at risk. Until the extent of the contamination at this site is better defined, the

potential risks to ecological receptors cannot be determined.

D-01-95-10 ES-23 CTO 129



Revision 1
March 1997

E.6.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 10.8. Although not retained as COCs in the baseline human health risk assessment, pyrene and
dieldrin in soil were reported at maxima in excess of Connecticut remediation standards for pollutant
mobility. Although these compounds may migrate to groundwater and potentially impact water quality,

maximum detections were less than risk-based COC screening levels for soil ingestion.

For groundwater, sodium was the only chemical which exceeded state standards, but was not selected as
a COC in the baseline human health risk assessment. It should be noted that the applicable state standard
for sodium is a Notification Level for a drinking water source and no dose-response parameters are available

for this chemical.

Surface water and sediment samples were also collected at site. Minimal exceedances of state AWQC for
human health were noted for surface water. All of these chemicals were retained as COCs in the baseline
human health risk assessment. In sediments, benzo(k)fluoranthene and butylbenzylphthalate were not
selected as COCs in the baseline human health risk assessment, but were reported at maxima in excess
of Connecticut remediation standards for pollutant mobility. Although these compounds may migrate to
groundwater and potentially impact water quality, maximum detections were less than risk-based COC

screening levels for soil ingestion.

E.6.5 Recommendations

It is recommended that further characterization be conducted at the Rubble Fill Area at Bunker A-86 to
determine the nature and extent of semivolatiles and metals in soil and sediment. Focus should be devoted
toward linking contamination detected in the rubble fill area soils with contamination detected in the
sediment of the adjacent ditch to the west and the downslope swale to the northwest. This recommendation

is based on the following information:

®  The sediment sampling results indicate the site may be contributing to the downslope presence
of PAHs and metals. Sediment contamination has been detected in sample 4SD2 which was
collected at the confluence of the west ditch and the northwest swale. The northwest swale
receives stormwater runoff from other areas located along Wahoo Avenue and it is possible that
some of the contamination detected in 4SD2 is derived from these sources. Additional sampllng

is required to determine the contribution of site related sediment contamination.
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e The extent of soil contamination is unknown. Several of the soil samples which were located
along the perimeter of the rubble fill area detected significant levels of PAHs and metals.

Additional perimeter sampling is required to define the extent of soil contamination.

Although contamination has been detected in soil and sediment at the site, and it requires further
characterization, it should be noted that based on the information collected during the Phase | and Il Rls,
relatively low human health and ecological risks are present at the site. This conclusion is supported by the
following information:

e  The human health risk assessment concluded that noncancer risk estimates below the USEPA
acceptable level of 1.0 for all receptor groups except the RME construction worker. Incremental
cancer risks were all within the USEPA’s acceptable target risk range of 1E-6 to 1E-4 for all
receptor groups.

e  Although the ecological risk assessment concluded that chemicals at the site could adversely
impact ecological receptors, the evaluation performed used highly conservative assumptions and

the actual risks would be significantly lower.

An upgradient groundwater and surface water interceptor trench is planned to be installed during the
construction of the Area A Landfill Cap. Excavation of the Rubble Fill Area at Bunker A86 will be required
to maintain slope requirements of the landfill cap. The Navy intends to remove the Rubble Fill Area as part
of a time-critical removal action. Confirmation sampling will be conducted to ensure that all potentially
contaminated material has been removed, and to serve as the recommended further characterization of the

site.
E.7 DEFENSE REUTILIZATION AND MARKETING OFFICE

This section presents a summary of major findings of the investigations for the DRMO, A summary of the
nature and extent of contamination is provided in Section E.7.1. Sections E.7.2 and E.7.3 summarize the
baseline human health risk assessment and ecological risk assessment for the site, respectively.
Section E.7.4 summarizes the comparison of site data to State standards and Section E.7.5 provides

recommendations regarding additional action or investigatory efforts for the site.
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E.7.1 Nature and Extent of Contamination

Relatively high concentrations of multiple organic and inorganic chemicals were detected in the soil matrix
at the DRMO. Organic chemicals detected at high concentrations include various halogenated aliphatic
compounds, polynuclear aromatic hydrocarbons, phthalate esters, Aroclor-1254, and Aroclor-1260. Most
of these classes of chemicals are relatively water insoluble (with the exception of the volatile organics).
Consequently, only low concentrations of these compounds were detected in groundwater samples collected
at the site. The maximum observed concentration of the water insoluble organic chemicals in groundwater
was 20 ug/L (bis(2-ethylthexyl)phthalate).

In spite of the fact that relatively high concentrations of some volatile organics were detected in the
subsurface soil, it does not appear that substantial impact on the groundwater has occurred to date. For
example, although halogenated organics such as 1,2-dichloroethene and trichloroethene were detected in
soil samples at concentrations ranging to 16,000 ug/kg and 7,100 ug/kg, respectively, no evidence of

substantial impact on groundwater quality has been noted. The maximum concentration of a halogenated

chemical in groundwater samples was 8 ug/L (1,2-dichloroethene and trichloroethene). Even though'

groundwater monitoring wells are located less than 100 feet downgradient of the volatile organic
contamination area, little impact has been noted; no more than 8 ug/L total volatiles were detected in
groundwater samples from these wells. The absence of halogenated compounds in groundwater is
probably a function of the salinity of the groundwater in this area (due to the proximity to the Thames River)

that effectively reduces solubility of organic compounds.

In addition to the various organic chemicals detected in soil at the DRMO, relatively high concentrations of
lead still remain in soil after the time-critical removal action was conducted. Surface and subsurface soil
lead concentrations ranged as high as 4,980 mg/kg and 2,140 mg/kg, respectively. In spite of the high lead
concentrations in soil, only limited evidence of lead migration to the water table is evidenced by the
groundwater analytical results. Although lead was detected as high as 52.7 ug/L in one unfiltered sample,
lead concentrations in filtered groundwater samples ranged no higher than 2.4 ug/L. Furthermore, the site

is now capped which will effectively eliminate precipitation infiltration to the groundwater.

E.7.2 Baseline Human Health Risk Assessment

Multiple potential receptor groups were considered for the DRMO including an older child trespasser,
construction worker, future residents, and full-time employees. Noncarcinogenic risks were all below the
USEPA acceptable limit of one for the CTE, but exceeded one under the RME for all receptors. PCBs in
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soil are the primary contributors to the RME noncarcinogenic risks. Incremental lifetime cancer risks were
either less than 1E-6 or within the USEPA's acceptable target risk range of 1E-6 to 1E-4. Additionally,
application of the IEUBK model for lead uptake from soil resulted in blood lead levels below the level of
concern.

It should be noted that the area is now paved with an asphalt cap which effectively reduces the risk to
human health. With the exceptions of the surface soil sample collected from test boring GTB23, located at
the northern end of the site, and the surface soil sample GSS4, collected near the southeast end of the site,
all surface soil samples represent soils which are beneath the asphalt cap or beneath other paved surface.

E.7.3 Ecological Risk Assessment

The DRMO is a well-developed area located near the Thames River and is characterized by high human
traffic. This location provides neither cover or forage for wildlife receptors. In addition, no nearby areas
represent suitable wildlife habitat. Despite these conditibns, potential risks to ecological receptors were
evaluated using the conservative assumptions discussed in Section 3.4.4.2. Both the maximum and average
chemical concentrations in surface soils were compared to benchmark values protective of various terrestrial
ecological receptors. Results of these comparisons indicate that terrestrial receptors exposed to both the
maximum and average concentrations are potentially at risk. However, because of the current conditions
associated with this site (area is paved with an asphalt cap), actual risks to ecological receptors are likely
to be much less then those calculated for this area. It is unlikely that ecological receptors will utilize this
area, essentially eliminating the possibility that these receptors will be exposed to these chemicals.
Furthermore, the presence of the cap makes it impossible for ecological receptors to contact soil at the site.
When the current site conditions are factored into this evaluation, it is concluded that the DRMO represents
little potential risk to ecological receptors.

E.7.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 9.8. Although 1,2-dichloroethane, 1,2-dichloroethene (total), trichloroethene, vinyl chloride, and
benzo(k)fluoranthene were not retained as COCs for soil in the baseline human health risk assessment, they
were reported at maxima in excess of Connecticut remediation standards for pollutant mobility. While
maximum detections of these chemicals were less than the risk-based COC screening levels for soil

ingestion, they may migrate to groundwater and potentially impact water quality.
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For groundwater, most of the chemicals found at concentrations exceeding state standards were retained
as COCs in the baseline human health risk assessment. Sodium and zinc were not identified as COCs. No
dose-response parameters are available for sodium. It should be noted that although zinc was reported at
a concentration in excess of the surface water protéction criteria for groundwater, the reported maximum
concentration was less than the risk-based COC screening level for tap water ingestion.

Surface water data were also compared to state standards. No exceedances were observed with respect
to the state AWQC for human health.

E.7.5 Recommendations

It is recommended that a feasibility study (FS) be completed for this site and a "limited action" alternative
including monitoring and access/use restrictions be evaluated in the DRMO FS. Groundwater monitoring
will be required to verify that significant contamination is not leaching to the groundwater or to the Thames
River. If it is found that significant migration is occurring from the site to the Thames River, additional
monitoring including surface water and sediment sampling in the Thames River will be conducted for the
purpose of evaluating the need for additional remedial actions. This recommendation is supported by the

following information.

® A time-critical removal action has been conducted at this site which included removal of 4,700
tons of contaminated soil to a maximum depth of 3 feet below the ground surface. The majority

of contamination in the soil has been removed and the area has been capped.

e  The groundwater is not significantly affected at the site. Although halogenated organics such
as 1,2-dichloroethene and trichloroethene were detected in isolated soil samples at
concentrations ranging to 16,000 and 7,100 ug/kg, respectively, the maximum concentrations
in groundwater monitoring wells less than 100 feet downgradient of the soil detections yielded
8 ug/L for each of these constituents. Groundwater monitoring is required, however to provide
long-term confirmation that contamination has not migrated through the soil, into the
groundwater, and ultimately discharging to the Thames River. Groundwater monitoring is
planned as part of post-closure associated with the DRMO cap. The addition of the DRMO cap
will greatly reduce precipitation infiltration which will have an effect on the leaching of

contaminants to the groundwater from the relatively thin (less than 5 feet) vadose zone soils
beneath the site.
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Relatively low human health risks are associated with the DRMO. Noncarcinogenic risks are all
below the USEPA acceptable limit of one with the exception of the RME for all receptors (older
child trespasser, construction worker, future resident, and full-time employee). All lifetime
incremental cancer risks were either less than 1E-6 or within the USEPA acceptable target risk
range of 1E-6 to 1E-4. It should be noted that the risk scenarios assumed direct exposure to
soil and groundwater at the DRMO. Exposure to soil at the DRMO is limited due to the presence
of the asphalt cap with the exception of the construction worker which assumes deliberate
excavation and contact. However, it is required (per OSHA standards for work on hazardous
waste sites) that health and safety measures (i.e., personal protective equipment and monitoring)
be instituted to minimize direct soil and groundwater contact during future construction.
Therefore, following these health and safety measures would lower the risk to the construction
worker to acceptable levels. The future residential scenario assumed direct contact and
ingestion of groundwater beneath the site. It is unlikely that a future resident would contact
groundwater beneath the site due to the availability of public water. Eliminating exposure to
groundwater beneath the site would therefore lower the risk to the future resident to USEPA

acceptable levels.

Ecological risks are low for the DRMO. The ecological risk assessment concluded that exposure
to surface soils could adversely impact terrestrial ecological receptors using highly conservative
estimates. However, the DRMO does not provide a suitable ecological habitat due to the
presence of paving, buildings, etc., and the asphalt cap effectively eliminates direct soil contact.

It is therefore concluded that the DRMO represents little potential risk to ecological receptors.

Since the DRMO is located adjacent to the shore of the Thames River, it is possible that
contaminant transport from the DRMO could affect ecological receptors in the river. Except for
samples collected in the Thames River itself, no offsite or downgradient samples were collected

to evaluate contaminant transport from the DRMO.

A feasibility study (FS) has been conducted in response to the previously mentioned recommendation. The
findings of the FS are included in "Feasibility Study for DRMO, BRE, February 1997." The FS evaluated

several remedial aiternatives including a limited action consisting of institutional controls and monitoring.

A preferred remedial alternative is pending and will be documented in the record of decision for the site.
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E.8 TORPEDO SHOPS

This section presents a summary of major findings of the investigations for the Torpedo Shops. A summary
of the nature and extent of contamination is provided in Section E.8.1. Sections E.8.2 and E.8.3 summarizes
the baseline human health risk assessment and ecological risk assessment for the site, respectively. Section
E.8.4 summarizes the comparison of site data to state standards and Section E.8.5 provides

recommendations regarding additional action or investigatory efforts for the site.

E.8.1 Nature and Extent of Contamination

Minimal environmental contamination was detected in each of the matrices sampled at the Torpedo Shops
site. Samples were obtained of soil, groundwater, surface water, and sediment. Although various organic
and inorganic chemicals were detected, the concentrations were typically much lower than those found at
other NSB-NLON sites.

Examples of maximum detected concentrations in the soil matrix include methylene chloride (420 ug/kg),
diethylphthalate (14,000 ug/kg in one sample), phenanthrene (4,300 ug/kg), endosulfan sulfate (35 ug/kg)
and TPH (386 mg/kg). A variety of organic contamination has also been detected in soil samples collected
in the vicinity of the abandoned leach fields which indicates impacts in these areas. It is known that a
variety of liquid wastes have been historically dumped in the drains which lead to the leach beds. This

practice was stopped when sanitary sewers were installed in 1983.

Although several organic chemicals were detected in groundwater at the site, these detections are not
considered indicative of a pervasive and persistent groundwater problem. For example, although volatile
organics were detected at concentrations ranging as high as 42 pug/L during the Phasel RI (1,1,1-
trichloroethane), 4-methyl-2-pentanone was detected in one sample at 21 ug/L and no other volatile
organics were detected above 6 ug/L during either of the Phase Il Rl sampling rounds. Low levels of
sorptive organic chemicals were detected in various groundwater samples with the exception of one
detection of bis(2-ethylhexyl)phthalate in one sample at a concentration of 380 ug/L. This chemical is most
likely associated with entrained sediments in the sample and is not typically considered to be
environmentally mobile. TPH was detected in groundwater samples collected from well 7ZMW8S during both
rounds of the Phase li RI, with a maximum detection during Round 1 at 1,200 mg/L. It appears that some

of the detections of groundwater contamination are associated with monitoring wells located in the vicinity

of, or immediately downgradient of, the abandoned leach fields and sewer system.
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Similarly, surface water and sediment samples collected in the vicinity of the Torpedo Shops site revealed
only minimal contamination. Representative maximum concentrations for analytes detected in sediments
include methylene chloride (18 ug/kg), pyrene (240 ug/kg), and 4,4-DDD (93 ug/kg). No organic
chemicals other than di-n-butylphthalate (0.6 ug/L) were detected in the two surface water samples obtained

at this site.

E.8.2 Baseline Human Health Risk Assessment

The baseline human health risk assessment for the Torpedo Shops site considered the potential exposure
of three receptor groups, including full-time employees, construction workers, and future potential residents.
Noncarcinogenic risks exceeded the USEPA acceptable level of one for the construction worker under the
RME scenario and for the future resident under both the RME and CTE scenarios. The noncarcinogenic
risks for the construction worker are attributable to potential exposure to manganese in groundwater, while
elevated noncarcinogenic risks for the future resident are a result of groundwater exposure to bis(2-
ethythexyl)phthalate and several metals (antimony, arsenic, manganese, and thallium). Incremental cancer
risks were within the USEPA’s acceptable target risk range of 1E-6 to 1E-4 for all of the receptor groups and
exposure scenarios, except for the RME future resident. Bis(2-ethylhexyl)phthalate and arsenic contribute
significantly to the carcinogenic risks for this receptor. Exposure to lead, which was identified as a potential
COC for groundwater, is not expected to produce adverse health effects. TPH was identified as a potential
COC for groundwater and soil at the site. Detections of TPH in these media exceeded Connecticut

remediation standards.

E.8.3 Ecological Risk Assessment

The Torpedo Shops represent a well-developed area and do not provide either cover or forage for wildlife
receptors. Areas near the Torpedo Shops (e.g., the wooded area to the south) do represent desirable habitat
for wildlife. Organisms inhabiting this area may come in contact with on site soil while moving through the
area to forage in the nearby Area A Wetland. Using the conservative assumptions discussed in Section
3.4.4.2, the maximum concentrations of chemicals detected in surface soils collected from this site were
compared to benchmark values protective of various terrestrial ecological receptors. While the potential for
exposures to soil does exits, actual exposure would be much more limited than that considered in this
evaluation (see Section 3.4.4.2 for exposure assumptions), thereby resuiting in actual ecological risks
associated with this site which are significantly lower than those estimated in this assessment. When the
current site conditions are factored into this evaluation, it is concluded that the Torpedo Shops represents

little potential risk to ecological receptors.
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E.8.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state stantlards discussed in
Section 12.8. All soil chemicals reported at concentrations in excess of state remediation standards for

pollutant mobility were selected as COCs in the baseline human health risk assessment.

For groundwater, most of the chemicals found at concentrations exceeding state standards were retained
as COCs in the baseline human health risk assessment. Exceptions included acenaphthylene, phenanthrene,

sodium, and zinc, each of which was not identified as a COC. No dose-response parameters are available -

to quantitatively evaluate exposure to acenaphthylene, phenanthrene, and sodium. It should also be noted
that the applicable state standard for sodium is a Notification Level for a drinking water source. The
maximum detection of zinc was less than the risk-based COC screening leve! for tap water ingestion,

therefore, this chemical was not retained as a COC.

Surface water and sediment data were also compared to state standards. Minimal exceedances of state
criteria were observed for sediment, and all chemicals with maximum detections in excess of the applicable
state criteria were selected as COCs in the baseline human health risk assessment. None of the chemicals
detected in surface water exceeded the state human health AWQC for the consumption of organisms and /or

water and organisms.

E.8.5 Recommendations

It is recommended that further characterization of the Torpedo Shops be completed. The characterization
should focus on sampling and analyses in the vicinity of the abandoned sewer lines and leach fields, as well
as gaining a better understanding of the construction details and integrity of the Torpedo Shops historical
sewer system. it should be noted that all of the ASTs and USTs located along the southern edge of Building
325 contained No. 2 fuel oil. Therefore, all additional characterization work in this area should be deferred
to, and conducted under, the UST program. Both surface and subsurface soil sampling as well as
groundwater sampling including additional groundwater monitoring points are required to evaluate the nature
and extent of contamination in the vicinity of the sewer system. This recommendation is supported by the

following information:

® Notable detections of contamination have been observed in soil and groundwater samples
collected in the vicinity of the abandoned sewer system. As discussed in Section 9, one of the
wells located within the Area A Downstream Water Courses (2DMW29S) detected chlorinated

solvent contamination at significant concentrations. This well is located in close proximity to the

D-01-95-10 ES-32 CTO 129

(

(



Revision 1
March 1997

storm sewer drain system that exits the Torpedo Shops area. Low concentrations of chlorinated
solvents have also been detected in shallow wells 7MW2S and 7MW3S, and deep well 7MS3D,
all located within close proximity to, and immediately downgradient of the Torpedo Shops
abandoned leach fields. A variety of organic contaminants including chlorinated solvents have
also been detected in soil samples collected from well boring 7MW8S which is located in the

vicinity of the Torpedo Shops drainage system.

Although contamination has been detected in soil and groundwater at the site that requires further
characterization in the vicinity of the Torpedo Shops sewer system, it should be noted that based on the
current land use at the site and the information collected during the Phase | and !l Ris, relatively low human

health and ecological risks are present at the site. This conclusion is based on the following information:

D-01-85-10

The human health risk assessment concluded that noncancer risk estimates were all below the
USEPA acceptable level of one for all receptor groups except the RME construction worker and
the RME and CTE future resident. Incremental cancer risks were all within the USEPA
acceptable target risk range of 1E-6 to 1E-4 except for the RME future resident. The
noncarcinogenic risks and carcinogenic risks for the construction worker and the future resident
are partially attributable to exposure to manganese and arsenic in groundwater beneath the site.
Manganese and arsenic are commonly found naturally occurring metals. It should be noted that
it is required (per OSHA standards for work on hazardous waste sites) that Health and Safety
measures (i.e., personal protective equipment and monitoring) be instituted to minimize direct
soil and groundwater contact during future construction. Therefore, following these measures
would lower the risk to the construction worker to acceptable levels. It is also unlikely that a
future resident would contact groundwater beneath the site due to the availability of public water.
Eliminating exposure to groundwater beneath the site would therefore lower the risk to the future

resident to acceptable levels.

The Torpedo Shop area consists of buildings, paved areas, and lawns which do not provide
desirable habitat for terrestrial ecological receptors. Therefore, it is highly unlikely that organisms
inhabiting the area around the site would spend a significant amount of time at the site.
Although the ecological risk assessment concluded that chemicals at the site could adversely
impact ecological receptors, the evaluation performed used highly conservative assumptions and
the actual risks would be significantly lower. It is therefore concluded that the Torpedo Shops

represent little risk to ecological receptors.
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If the results of the focused characterization effort reveal that the nature and extent of contamination is
somewhat localized, and contaminant types and concentrations are similar to that found during the Phase |
and Il Ris, no additional work may be required at this site. An evaluation of the data collected during the
focused characterization and a comparison to the data collected during the Phase | and Il Rl will be

required. At that time, a decision can be made regarding whether or not the site should proceed to an FS.
E.9 GOSS COVE LANDFILL

Thié section presents a summary of major findings of the Phase Il Rl for the Goss Cove Landfill Site. A
summary of the nature and extent of contamination is provided in Section E.8.1. Sections E.9.2 and E.9.3
summarize the baseline human health risk assessment and ecological risk assessment for the site,
respectively. Section E.8.4 summarizes the comparison of site data to state standards and Section E.9.5

provides recommendations regarding additional action or investigatory efforts for the site.

E.9.1 Nature and Extent of Contamination

Some of the most substantial environmental contamination detected at NSB-NLON was encountered at the
former Goss Cove Landfill. Representative examples of soil contamination include the following chemicals
with the respective maximum concentration shown in parentheses: acetone (23,000 ug/kg); toluene
(22,000 ng/kq); ethylbenzene (69,000 ug/kg); xylenes (480,000 ug/kg); methylene chloride (38,000 ug/kg);
phenol (1,600,000 ug/kg); benzo(a)anthracene (430,000 ug/kg); Aroclor-1248 (19,000 ug/kg); Aroclor-1254
(33,000 ng/kg); and lead (3,540 mg/kg). Numerous other organic chemicals were also detected in the soil
matrix at this site, primarily pesticides, phthalate esters, phenols, and polynuclear aromatic hydrocarbons.
Organic and inorganic chemicals were also found in groundwater samples obtained from this site. Of
primary concern is the detection of tetrachloroethene (5,600 pg/L) in a groundwater sample from a deep
monitoring well. It is possible that an upgradient source of groundwater contamination exists which is
contributing to the tetrachloroethene contamination detected at the site. Low levels of organic constituents
and high concentrations of inorganic constituents (particularly boron) were encountered in surface water
samples obtained from Goss Cove. Many of the chemicals detected at high concentrations in site soil and
groundwater samples were also detected in Goss Cove sediment samples. Based on the available data,
it appears likely that the former Goss Cove Landfill is contributing to environmental contamination in Goss

Cove. Other potential sources of contamination could include storm sewer outfalls and runoff from Military

Highway.
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E.9.2 Baseline Human Health Risk Assessment

The baseline human health risk assessment focused on multiple receptor groups: full-time employees, older
child trespassers, future residents and construction workers. Noncarcinogenic risks for construction
workers, future residents, and older trespassers under the RME exceeded the USEPA acceptable level of
one. Elevated risks are attributed to tetrachloroethene in groundwater and PCBs, PAHSs, and metals in soil.
Although the noncarcinogenic risks for the RME older child trespasser exceeded one, no adverse effects
are anticipated since chemicals contributing to the risk do not impact the same target organs. Carcinogenic
risks were within the USEPA’s acceptable target risk range of 1E-4 to 1E-6 for all receptors under CTE, but
exceeded 1E-4 for the future resident, full-time employee and older child trespasser under RME.
Carcinogens of interest include tetrachloroethene in groundwater and PCBs, PAHSs, and arsenic in soil. The
risks associated with inhalation of indoor air were below the USEPA acceptable level of one for

noncarcinogenic risks and below the USEPA acceptable target risk range of 1E-6 to 1E-4.

Human health risks were also evaluated to address potential health risks associated with child visitors, adult
visitors, and full-time employee exposure under current site conditions. Incidental ingestion and dermal
contact with soil were evaluated for the adult visitor, the child visitor, and the full-time employee, using data
from surface soil sampling (0-12 inches beneath the ground surface) conducted in the vicinity of the
museum exhibits and picnic area. The potential for exposure to soil is believed to be greatest in these
areas. The inhalation of indoor air was also evaluated for occupational exposure to the full-time employee.
All noncarcinogenic risks were below the USEPA acceptable level of one and all carcinogenic risks were
below the USEPA acceptable target range of 1E-6 to 1E-4 for soil exposures. Air concentrations were
compared to occupational standards and all concentrations were below those standards. The resuits of the
evaluation concluded that minimal risks exist for the current child and adult visitor and the full-time

employee.

E.9.3 Ecological Risk Assessment

Goss Cove is separated from the Thames River by a railroad embankment. The cove has been lined by rip-
rap to stabilize the banks. No emergent vegetation grows in the cove and the majority of the land adjacent

to the cove is either paved, comprised of rip-rap, or consists of maintained lawn.
While it is unlikely that ecological receptors such as waterfowl heavily utilize the cove as a feeding area, it

is probable that the cove does support a benthic macroinvertebrate community. However, the fact that the

cove has no direct connection to the Thames River limits the potential diversity of its aquatic community.
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Due to the development of the former Goss Cove Landfill (i.e., the presence of the Nautilus Museum and
the attendant parking lot), this area represents poor habitat for most wildlife receptors.

Several different sets of data have been collected from Goss Cove in support of the Phase Il Rl. Results
of analyses conducted on samples of surface water and sediments collected from 5 locations in the cove
indicated that several inorganics and organic compouhds (ie., metals and pesticides) were found at
concentrations in excess of benchmark values protective of aquatic biota, suggesting that aquatic biota

inhabiting the cove could be adversely impacted.

In response to the results of the studies conducted during Round | of the Phase I Rl, an additional sediment
sample was collected from Goss Cove during the Supplemental Ecological Sampling Round. The intent of
the Supplemental Ecological Sampling Round was to focus more closely on the potential impacts that these
contaminants might be having on aquatic biota and to determine if the contaminants were biologically

available in concentrations that could represent an actual risk to the aquatic community.

The results indicated that four chemicals (aluminum, copper, nickel and heptachlor) were present in surface
water at concentrations that represent a potential risk to aquatic biota. A number of chemicals also had
HQs greater than 1.0, suggesting that benthic macroinvertebrates were potentially at risk. The results of
toxicity tests confirmed that chemicals present in this sample were biologically available in concentrations
that could adversely impact aquatic biota. Results of an SEM/AVS analyses to determine the biological
availability of copper, cadmium, nickel, lead and zinc demonstrated that these five metals are not biologically
available. Adverse impacts to test organisms (A. abdita and L. plumosus) exposed to sediments collected
from station 8SD3 are more likely to be associated with the presence of other inorganics (mercury and
cadmium) or organic compounds (e.g., gamma-chlordane, heptachlor, 4,4'-DDD, 4,4'-DDT, endrin aldehyde,
dieldrin, and Aroclor-1254) that were present in concentrations that exceeded benchmark values for benthic

receptors. The results indicated that sediments in Goss Cove could adversely impact aquatic biota.

E.9.4 Comparison to Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 13.8. Although not retained as soil COCs in the baseline human health risk assessment, methylene
chloride, xylenes, bis(2-ethythexyl)phthalate, fiuoranthene, fluorene, naphthalene, phenanthrene, pyrene,
heptachlor, selenium and silver were reported at maxima in excess of Connecticut remediation standards
for pollutant mobility. While these compounds may migrate to groundwater and potentially impact water
quality, no dose-response parameters are available to quantitatively evaluate exposure to phenanthrene and
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maximum detections ?f the remaining chemicals were less than risk-based COC screening levels for soil

ingestion.

For groundwater, maxima of a few chemicals (chloroform, xylenes, acenaphthylene, phenanthrene, and
sodium) exceeded the applicable state standards, but were not identified as COCs in the baseline human
health risk assessment. No dose-response parameters are available to quantitatively address exposure to
acenaphthylene, phenanthrene, and sodium. It should also be noted that the applicabie state standard for
sodium is a Notification Level for a drinking water source. Chloroform and xylenes were reported at

maximum concentrations less than the risk-based COC screening levels for tap water ingestion.

Surface water and sediment data were also compared to state standards. With respect to human health
AWQC for surface water, minimal exceedances of state criteria were observed. All chemicals with maximum
detections in excess of the state AWQC for human health were selected as COCs in the baseline human
health risk assessment. Although not retained as sediment COCs in the baseline human health risk
assessment, benzo(k)fluoranthene, dieldrin and heptachlor were reported at maxima in excess of
Connecticut soil remediation standards for pollutant mobility. While these compounds may migrate to
groundwater and potentially impact water quality, maximum concentrations of these chemicals were less

than risk-based COC screening levels for sediment ingestion.

For air data collected at the Nautilus Museum, several exceedances of state standards were observed.
Those chemicals which were detected at elevated maximum concentrations, but were not selected as COCs,
include 1,1,-dichloroethene, styrene, and trichloroethene. Styrene was reported at a maximum less than the
risk-based COC screening criteria for ambient air. Trichloroethene and 1,1-dichloroethene, which were
detected in the samples obtained from the boiler room only, were not quantitatively evaluated in the human
health risk assessment as museum personnel are not expected to spend their entire day in this area and

visitors do no come in contact with this sampled location.

E.9.5 Recommendations

It is recommended that a Feasibility Study (FS) of remedial alternatives be conducted at the former Goss

Cove Landfill. This recommendation is supported by the following information:

] Relatively high concentrations of chemicals are present in the site soils, and are impacting the
groundwater and the adjacent Goss Cove. Numerous organic and inorganic constituents were
found in soil at the site at notable concentrations. Similar inorganic and organic constituents

were also detected in groundwater samples collected at the site, and it appears that an
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upgradient source of PCE contamination to groundwater exists. Similar types of chemicals were
detected in the soil, groundwater, and sediment indicating the occurrence of chemical transport.

e  The human health risk assessment concluded that noncarcinogenic risks exceeded the USEPA
acceptable level of one for the construction worker, the future resident, and the older child
trespasser under the RME. Carcinogenic risks exceeded the upper bound (1E-4) of the USEPA
acceptable target risk range of 1E-6 to 1E-4 for the RME full-time employee, RME older child

trespasser, and the RME future resident. The noncarcinogenic risks and carcinogenic risks

evaluated are partially attributable to exposure to tetrachloroethene in groundwater and arsenic-

in soil beneath the site. Arsenic is a commonly found natural constituent of soil. It should be
noted that it is required (per OSHA standards for work on hazardous waste sites) that Health and
Safety measures (i.e., personal protective equipment and monitoring) be instituted to minimize
direct soil and groundwater contact during future construction. Therefore, following these
measures would lower the risk to the construction worker to acceptable levels. It is also unlikely
that a future resident would contact groundwater beneath the site due to the availability of public
water. Eliminating exposure to groundwater beneath the site would therefore lower the risk to

the future resident to acceptable levels.

e The Ecological Risk Assessment concluded that chemicals present in surface water and
sediments represent a risk to the aquatic community in Goss Cove. Benthic macroinvertebrates
represent the receptors primarily at risk in this system. While its small size and lack of a direct
connection to the Thames River limits the potential productivity of Goss Cove, the presence of
organic chemicals in the sediments, and the apparent potential for continued contaminant

migration, represent long term potential risks to aquatic biota in the cove.

it should be noted that risks associated with the full-time employee scenario were calculated using USEPA
recommended input parameters which are based on highly conservative estimates. Consequently, when
unacceptable risks were calculated for this scenario, it was decided to re-evaluate risks for current realistic
receptors. Human health risks associated with current site use were evaluated and included child visitor,
adult visitor, and full-time employee exposure with soil, as well as full-time employee occupational exposure
to indoor air. The results of the evaluation concluded that no unacceptable risks exist for the current child

and adult visitor, as well as for the full-time employee.
It is recommended that a phased approach be used to proceed to a feasibility study (FS) for the former

Goss Cove Landfill. Sufficient data has been collected during the Phase Il Rl to proceed with an FS with

respect to surface water and sediment. With the exception of addressing the potential soil source and
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extent of current PCE groundwater contamination at the Goss Cove Site, groundwater will be separated from

other media and evaluated in a separate base-wide groundwater FS.

A Data Gap Investigation (DGI) has been performed for the Goss Cove Site with the primary objective to
determine the source of PCE contamination detected during this Phase Il Rlin the groundwater beneath the
former Goss Cove Landfill at well cluster SMW8S/8MW8D. The findings of the DGI are included in "Data
Gap Investigation Report for Goss Cove Landfill; BRE, March, 1997". Results of this DGI showed that PCE
contamination originates off-base and is migrating into the Goss Cove Landfill Site from a southeasterly
direction.

Although previous investigations have not completely defined the lateral extent of the landfill, it has been
assumed that for FS purposes, the estimated limit of the landfill is relatively accurate given the natural site
boundaries of the Thames River to the west, the bedrock hill to the north, Goss Cove to the south, and the
lack of VOC contamination to the east. It is assumed that sufficient data regarding soil contamination exists
to conduct the FS and that if additional data is reqﬁired to determine the furthest extent of VOC

contamination, it can be collected during the remedial design or remedial action.

E.10 LOWER SUBASE

This section presents a summary of major findings of the Phase Il RI at the Lower Subase. A summary of
the nature and extent of contamination is provided in Section E.10.1. Sections E.10.2 and E.10.3 summarize
the baseline human health risk assessment and ecological risk assessment for the site, respectively.
Section E.10.4 summarizes the comparison of site data to state standards and Section E.10.5 provides

recommendations regarding additional action or investigatory efforts for the site.

E.10.1 Nature and Extent of Contamination

In spite of the fact that the Lower Subase has been in use for more than 100 years, very little environmental
contamination was identified in this area during the course of the Phase Il Rl. For evaluation purposes, four
zones of the Lower Subase have been identified and the discussion centers on these zones. Although
various volatile organics were detected in soil samples, concentrations were typically quite low (i.e., from
1to 20 ug/kg). Semivolatile organic analyses were not performed for soil samples during either the Phase
| or Phase Il Rls, however, it is expected that such compounds are present. This conclusion has been
reached based on the detection of low levels of semivolatile organics in groundwater, and based on the
presence of fuel-related compounds in soil. TPH analyses were completed as an indicator of fuel/oil

contamination, and relatively high concentrations of TPH were encountered, particularly in the vicinity of
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source Sites 10 and 11 in Zone 1, and Building 79 (Site 13) and the Quay Wall in Zone 4. The Phase | RI
fluorescence spectroscopy data primarily indicated the presence of No. 2 fuel /diesel oil, No. 6 fuel oil, and
lubricating oils. In addition, lead was detected at relatively high concentrations, particularly in surface soll
in Zones 3 and 4. Analytical results for lead in the TCLP samples from Zone 2 and Zone 4 also exceeded
Federal Toxicity Characteristic regulatory levels. Measures have been implemented to address lead
(including solidification of lead contaminated soils at Building 31) to decrease the potential for contaminant

migration.

Although several volatile and semivolatile organic compounds were detected in groundwater samples, most
were detected infrequently and at relatively low concentrations (i.e., a few organic concentrations ranged

up to 57 ug/L; most, however, were less than 10 ug/L). Manganese was detected at relatively high

concentrations (up to 2,290 ug/L in the sample collected during Round 2 of the Phase Il Rl from Zone 1

well 13MWS8) in groundwater samples from all four zones.

Several metals, most notably lead at a concentration of 2,760 ug/L, were detected at elevated

concentrations in the unfiltered groundwater sample collected from well NESO11 during Round 1 of the
Phase Il Rl. As discussed in Section 14.4.2.4, these elevated concentrations were most likely due to the

presence of suspended sediment in the sample.

Releases of petroleum products and oily substances have been observed in the Thames River in the vicinity
of a storm sewer outfall near Pier 4 in November 1994. It appears that residual waste materials from past
disposal practices at the Lower Subase entered the storm sewer and discharged into the Thames River.
An expandable rubber plug has since been installed in the sewer line and no visible releases of petroleum

product have been observed in the Thames River to date.
it appears that the Lower Subase may have impacted the Thames River due to the presence of elevated
contamination in the sediment adjacent to the Lower Subase. Further discussion regarding the Thames

River is included in Section 17.

E.10.2 Baseline Human Health Risk Assessment

The baseline human health risk assessment for the Lower Subase focused on three potential receptor
groups: full-time employees, construction workers, and future residents. Noncarcinogenic risks were found
to be below the USEPA acceptable limit of one for all receptor groups. Carcinogenic risks for all receptors
at all zones were either less than 1E-6 or within the USEPA's acceptable target risk range 1E-4 to 1E-6. The

majority of the cumulative incremental cancer risks for the identified potential receptors were less than 1E-6.
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E.10.3 Ecological Risk Assessment

The Lower Subase is located in a highly industrialized portion of the NSB-NLON and is characterized by
large industrial buildings, a substantial amount of paved area, and very little maintained lawn. The area is
characterized by heavy human activity and does not provide suitable habitat for wildlife. The only potential
ecological habitat near the Lower Subase is the Thames River (described in Section 17.3.6) which represents
the Lower Subase's western border. This portion of the Thames River is dominated by piers and serves as
a docking and repair facility. Based on current conditions, ecological receptors are unlikely to come in
contact with contaminants associated with the Lower Subase and it is unlikely that the Lower Subase

represents a risk to ecological receptors.

E.10.4 Comparison of Site Data to State Standards

Various chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 14.8. TPH and lead, which were identified as COCs in the baseline human health risk assessment,
were the only soil chemicals reported at maximum concentrations in the specific zones that exceeded the

Connecticut remediation standards for pollutant mobility.

For groundwater in all zones, maximum detections of sodium in the unfiltered and filtered samples exceeded
the state Notification Level for a drinking water source. This chemical was not retained as a COC in the
baseline human health risk assessment, and no dose-response parameters are available to quantitatively
evaluate exposure to sodium. For Zone 1 groundwater, acenaphthylene, phenanthrene,
bis(2-ethylhexy!)phthalate, copper and mercury were not retained as COCs in the baseline human health risk
assessment, but were reported at maxima in excess of Connecticut standards. A quantitative evaluation of
exposure to acenaphthylene, phenanthrene, and copper was not provided in the human health risk
assessment because of the lack of published dose-response parameters. Maxima of the remaining

chemicals were less than the risk-based COC screening levels for ingestion of tap water.

Besides sodium, exceedances of Connecticut standards were also noted for a few chemicals detected in
the groundwater at Zones 2 and 3. However, all of these chemicals were selected as COCs in the baseline

human health risk assessment.
For Zone 4 groundwater, phenanthrene, mercury, and zinc were not retained as COCs in the baseline

human health risk assessment, but were reported at maximum concentrations exceeding the state standards.

As mentioned previously, no dose-response parameters are available to quantitatively evaluate exposure to
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phenanthrene. Maximum detections of mercury and zinc were less than the risk-based COC screening

levels for tap water ingestion.
E.10.5 Recommendations

it is recommended that further characterization of the Lower Subase be performed during a separate RI.
The characterization should focus on sampling and analyses to evaluate the nature and extent of lead, TPH,
and semivolatile organic compounds in soil. Continued groundwater sampling and analyses is also required
to monitor contamination levels. In addition, a focused data collection effort should provide information
relevant to an FS to evaluate potential remedial options for the site. This recommendation is supported by

the following information:

e Relatively high concentrations of lead in soil are present at Zones 3 and 4 in the vicinity of Site
17 (Building 31, Zone 3), Site 13 (Waste oil pit at Building 79, Zone 4), and the Quay Wall
(Zone 4). Concentrations of lead were as high as 1,320 mg/kg in Zone 3 and 10,600 mg/kg in

Zone 4.

e  High concentrations of TPH in soil are also present at Zone 1 (Site 10 Fuel Oil Storage Tanks
and Tank 54-H, Site 11 Power Plant Oil Tanks; maximum concentration = 51,600 mg/kg),
Zone 3 (along Bull Head Road; maximum concentration = 3,400 mg/kg), and Zone 4 (waste oil

pit at Building 79 and Quay Wall; maximum concentration = 11,800 mg/kg).

e  Semivolatile organic compounds have not been analyzed in soil during the Phase | and It RI
activities. Monitoring of these compounds are needed to evaluate risks associated with these
contaminants. it is highly probable that semivolatile organic compounds will be detected at
significant levels in soil, based on the presence of TPH. Semivolatile organic compounds are

common components of TPH, and the concentrations of these compounds are not known.

° Petroleum products and oily substances have historically migrated into the Thames River in the
vicinity of the Quay Wall. As discussed in the ecological risk assessment in Section 17.7, the
Thames River sediment and shellfish community may be impacted in the vicinity of the Lower
Subase.

Pier 33 and Berth 16 are not addressed in this document. These sites have probable sources of

contamination which could impact soil, groundwater, and the adjacent Thames River. The Navy is currently

planning an expanded RI for the Lower Subase to include the Pier 33 and Berth 16 area. The intent of the
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expanded RI is to address concerns at the Pier 33 and Berth 16 area and to address data gaps for the

Lower Subase.

The expanded Rl is being conducted in a tiered approach because of the considerable existing database.
The Background Review Report for the Lower Subase Remedial Investigation (B&R Environmental, March
1997) was developed as part of the first tier of data collection to accumulate data from several studies,
including this Phase [l Rl, and to identify potential data gaps. Based on the results of the Background
Report, a draft Work Plan for the Lower Subase Rl was developed and submitted to the regulatory agencies
for review and comment in March 1997. Sufficient data will be collected in the Lower Subase Rl to proceed

to a Feasibility Study where various remedial alternatives for this site will be developed and evaluated.
E.11 OVER BANK DISPOSAL AREA NORTHEAST

This section presents a summary of major findings of the investigations at the OBDANE site. A summary
of the nature and extent of contamination is provided in Section E.11.1. Sections E.11.2 and E.11.3
summarize the baseline human health risk assessment and ecological risk assessment for the site,
respectively. Section E.11.4 summarizes the comparison of site data to state standards and Section E.11.5

provides recommendations regarding additional action or investigatory efforts for the site.

E.11.1 Nature and Extent of Contamination

Minimal organic contamination was identified in the environmental matrices sampled at this site. For
example, although volatile organics were detected in the soil samples, concentrations ranged no higher than
18 ng/kg (toluene) and the concentrations of all remaining volatile organic analytes were less than 9 ug/kg.
Although various PAHs were detected in the soil samples, concentrations of this class of chemicals ranged
no higher than 110 ug/kg (benzo[a]pyrene). Pesticides were also detected in the soil samples, but

concentrations ranged no higher than 400 ug/kg (4,4'-DDT).

However, more significant inorganic contamination was detected in surface soils to the south of the site.
Arsenic was found at sample points 14MW1S-0002 and 14SS3 at concentrations of 10.4 mg/kg and
16.3 mg/kq, respectively. Also, lead was detected at sample point 14S83 at a concentration of 403 mg/kg.

No organic chemicals other than carbon disulfide and bis(2-ethylhexyl)phthalate were detected in
groundwater samples obtained at this site (1 ug/L each). Although the one monitoring well installed at the

OBDANE is not located immediately downgradient of the source area (well is located somewhat to the side

and downgradient of the source area), the low levels of groundwater contamination present in this well are
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probably representative of downgradient conditions because little contamination was noted in source area
soils. Therefore, it is unlikely that groundwater is impacted from the site. Furthermore, based on the low
concentrations of chemicals in the soil, it is highly unlikely that any impacts on downstream surface water

bodies will occur.

E.11.2 Baseline Human Health Risk Assessment

Based on the relatively remote nature of the OBDANE site, construction workers and older child trespassers
were considered the only potential receptors of concern for exposure to soil and groundwater. The
noncarcinogenic risk estimates (HIs) for the evaluated exposure routes were all below the USEPA acceptable
limit of one. Projected lifetime incremental cancer risks were either below or only slightly above the lower
bound (1E-6) of the USEPA’s acceptable target risk range (1E-6 to 1E-4). Therefore, it is concluded that
the site poses little risk to human health.

E.11.3 Ecological Risk Assessment

The OBDANE provides both cover and foraging area for wildlife receptors. Organisms inhabiting this area
may come in contact with site soil while searching for food or burrowing in the soil (e.g., soil invertebrates).
Using the conservative assumptions discussed in Section 3.4.4.2, the maximum concentrations of chemicals
detected in surface soils (0 to 2 feet) collected from this site were compared to benchmark values protective
of various terrestrial ecological receptors. The results of these comparisons indicate that chemicals detected
at the OBDANE could adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates.
When the risks associated with the average chemical concentrations in surface soil were evaluated, risks
to these receptors were somewhat reduced but still exceeded 1.0. These results suggest that exposure to
surface soil at the OBDANE presents a potential risk to terrestrial receptors. However, the OBDANE is
relatively small and can only support a limited number of receptors. This fact, coupled with the conservative
methods used in this assessment, suggest that actual risks to ecological receptors are likely to be less than
those predicted in this assessment. It is concluded that the OBDANE represents little potential risk to

ecological receptors.

E.11.4 Comparison of Site Data to State Standards

Arsenic in soil and sodium in groundwater were the only chemicals detected at maximum concentrations
exceeding the state standards discussed in Section 15.8. Arsenic was selected as a COC in the baseline

human health and/or ecological risk assessments. Sodium was not retained as a COC for direct exposure
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to groundwater because of the lack of published dose-response parameters. It should be noted that the
applicable state standard for sodium is a Notification Level for a drinking water source.

E.11.5 Recommendations

It is recommended that further characterization of the surface soil with respect to arsenic and lead

contamination be conducted at the OBDANE for the following reasons:

e  Although minimal contamination was detected in soil samples collected within, and adjacent to,
the confines of the waste disposal area, more significant lead contamination was detected in
surface soil sample 14SS3 located approximately 80 feet to the south of the site. This

contamination could potentially migrate further offsite.

®  Arsenic was found in site surface soils (samples 14SS3 and 14MW1S-0002) at concentrations
slightly exceeding the state remediation standard for direct exposure under the industrial land

use scenario.

Although contamination has been detected in surface solls at levels that exceed state standards and further
investigation is required to finialize the nature and extent of contamination, relatively low human health and
ecological risks are present at the site. This belief is based on the following supporting information:

° Human health noncarcinogenic risk estimates for the evaluated exposure routes were all below
one. Projected lifetime incremental cancer risk estimates were all less than 1E-6 or within the

USEPA'’s acceptable target risk range of 1E-4 to 1E-6.

e The site is located in a remote area bounded by a chain link fence, thereby limiting access to

human receptors.

e  Although the Ecological Risk Assessment concluded that chemicals detected at the site could
adversely impact terrestrial vegetation, soil invertebrates, and terrestrial vertebrates, no apparent
visible impacts to these receptor groups have been observed. In addition, the risk assessment

was conservative, such that potential risks to these receptors are over predicted.

e The site is relatively small in size (80 feet in diameter) with minimal soil contamination.

Therefore, the total volume of contaminated material is relatively low, and the available surficial
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area for human and ecological exposure is somewhat limited. The site is also surrounded by

large areas not known to be affected by waste disposal.
E.12 SPENT ACID STORAGE AND DISPOSAL AREA

This section presents a summary of major findings of the investigations for the Spent Acid Storage and
Disposal Area. A summary of the nature and extent of contamination is provided in Section E.12.1.
Section E.12.2 summarizes the baseline human health risk assessment for the site and E.12.3 summarizes
the ecological risk assessment. Section E.12.4 summarizes the comparison of site data to state standards

and Section E.12.5 provides recommendations regarding additional action or investigatory efforts for the site.

E.12.1 Nature and Extent of Contamination

Minimal contamination was detected in environmental matrices sampled at the Spent Acid Storage and
Disposal Area. Chemicals detected in the soil matrix included volatile organics at concentrations ranging
no higher than 26 ug/kg (xylenes), various semivolatiles including polynuclear aromatic hydrocarbons in
up to four samples at concentrations ranging up to 3,705 ug/kg (fluoranthene), pesticides ranging from
55 ug/kg to 190 ug/kg in one sample, and various metals. All lead concentrations in soil have been

reduced to levels below 500 mg/kg as the result of the time-critical soil removal activity conducted at the

site.

Several chemicals were also detected in site groundwater at low concentrations, including carbon disulfide
(3 ng/L), bis(2-ethylthexyl)phthalate (5 ug/L in the shallow well and 45 ug/L in the deep well), naphthalene
(1 pg/L), 14-dichlorobenzene (1 ug/L), di-n-butylphthalate (at concentrations less than 1 ug/L),
phenanthrene (0.6 ug/L), and heptachlor (0.5 ug/L). With the exceptions of naphthalene, bis(2-

ethylhexyl)phthalate, and phenanthrene, none of these chemicals were detected in the soil matrix at the site,
so it is considered unlikely that the site is the source of this low level contamination. Furthermore, the
presence of bis(2-ethylhexyl)phthalate at a higher concentration in the deep well is also considered indicative

of an upgradient source.

Concentrations of PAHs detected in the sediment sample ranged from 25 ug/kg to 250 ug/kg. Benzoic

acid, carbazole, and phthalate esters ranging to 990 ug/kg (dimethylphthalate) were also detected in the

sediment sample.
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E.12.2 Baseline Human Health Risk Assessment

Demolition of the buildings in the vicinity of this site is planned for the near future, followed by construction
of a warehouse. Therefore, the risk assessment focused on construction workers and future potential
residents as the primary receptor groups. The noncarcinogenic risk for the future resident under the RME
exceeded the USEPA acceptable limit of one. Noncarcinogenic risks for the other exposure scenarios were
less than one. Elevated risks for the RME future resident are attributed to manganese in groundwater via
ingestion. This conclusion is similar to that found at many other sites through NSB-NLON (i.e., manganese
is a commonly found naturally occurring metal and the primary contributor to site noncarcinogenic risks).
The RME incremental lifetime cancer risks for the potential future resident exceeded the upper bound (1E-4)
of the USEPA’s acceptable target risk range of 1E-6 to 1E-4. Carcinogenic risks are attributed to
bis(2-ethylhexyl)phthalate, 1,4-dichlorobenzene, heptachlor, arsenic, and beryllium.

E.12.3 Ecological Risk Assessment

As previously stated, this site does not provide a suitable wildlife habitat. Therefore, an ecological risk

assessment was not performed for this site.

E.12.4 Comparison of Site Data to State Standards

Several chemicals were detected in the site media at maxima exceeding the state standards discussed in
Section 16.8. Of these chemicals, all were selected as COCs in the baseline human health risk assessment
except for phenanthrene and zinc in groundwater. These chemicals were not retained as COCs since the
maximum detection of zinc in groundwater was less than the risk-based COC screening criteria for tap water

ingestion and no dose-response parameters are available to quantitatively assess exposure to phenanthrene.

E.12.5 Recommendations

No further action is recommended for this site based on the following information:

] Approximately 318 tons of lead contaminated soil has been excavated from the site. Soil
samples collected after the excavation activity confirmed that residual concentrations were below
500 mg/kg total lead in soil or below 5 mg/L for lead in TCLP extract. Therefore, the source of

contamination has been removed.
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] Low levels of groundwater contamination remain at the site. No organic compounds detected
at this site were in excess of 45 ug/L. The majority of the organic compounds detected in v

groundwater at the site were sporadically detected and were not detected in the soil at the site.

e Incremental lifetime cancer risks for construction workers under both scenarios and the future
resident under the CTE were either below the lower bound (1E-6) or within the USEPA
acceptable target risk range (1E-6 to 1E-4). The incremental lifetime cancer risk for the RME
future resident slightly exceeded 1E-4. The noncarcinogenic risk for the future resident under
the RME exceeded the USEPA acceptable limit of one, primarily the result of the detectidn of
manganese in groundwater, which is a commonly found naturally occurring metal. 1t is unlikely
that a future resident would contact groundwater beneath the site due to the availability of public
water. Eliminating exposure to groundwater beneath the site would therefore lower the risk for
the future resident to USEPA acceptable levels. It is also required (per OSHA standards for work
on hazardous waste sites) that health and safety measures (i.e., personal protective equipment
and monitoring) be instituted to minimize direct soil and groundwater contact during future
construction. Therefore, following these health and safety measures would lower the risk to the

construction worker.

e  The Spent Acid Storage and Disposal Area and the nearby area are located in a paved parking

(

lot in a well-developed portion of NSB-NLON. These features do not provide a suitable habitat
for a wildlife population. Furthermore, it is unlikely that ecological receptors could come into

contact with soils at this site because the area is covered with asphalt.

Although the baseline risk assessments indicated that this site does not pose an unacceptable risk, the
CTDEP has indicated that site soils may adversely effect groundwater quality and therefore, under state Soil
Remediation Standard Regulations, action must be taken even where the groundwater is not classified as
a drinking water source. The state feels that there is insufficient data at this time to verify that the Spent Acid

Storage and Disposal Area is not a continuing source of pollution to the groundwater.

It is anticipated that further characterization will be required to support "No Further Action" at this site. The
characterization activities may involve additional soil analyses, SPLP tests, and/or modeling. If this testing
program verifies that the soil at this site does not pose a threat to the groundwater, then the state will concur
on a No Action Record of Decision.
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E.13 THAMES RIVER

This section presents a summary of major findings of the investigation in the Thames River. A summary of
the nature and extent of contamination is provided in Section E.13.1. Section E.13.2 and E.13.3 summarize
the baseline human health risk assessment and the ecological risk assessment for the site, respectively.
Section E.13.4 summarizes the comparison of site data to state standards and Section E.13.5 provides

recommendations regarding additional action or investigatory efforts for the site.

E.13.1 Nature and Extent of Contamination

The nature and extent of contamination in surface water and sediment of the Thames River is not considered
indicative of significant releases from NSB-NLON. Little variation in the nature of contamination was found
in the sediment and surface water from upstream to downstream locations. Volatile organic chemicals were
found to be relatively nonexistent in both matrices. By contrast, sorptive, hydrophobic chemicals such as
pesticides and PAHs were found to be pervasive in the sediment matrix. Concentrations of PAHs increased
slightly in the areas of Pier 33 and Berth 16, and increased substantially in the vicinity of the Lower Subase.
Concentrations of PAHs in the samples collected near Goss Cove and in the downstream area, however,
were similar to those detected in samples collected from the upstream area. No distinct pattern of metals

contamination is evident based on the available surface water and sediment data.

Ribbed mussels were deployed in cages for 28 days. Although this period may have not have allowed tissue
concentrations to have reached equilibrium, this exposure period was long enough for these organisms to
accumulate biologically available contaminants for comparison to control samples. Analyses of the mussels
indicated that chemical constituents were present. However, those same constituents were also detected
at relatively the same concentrations in the control mussel samples (Figure 17-6). Mercury detected in a
sample collected near Goss Cove and semivolatile compounds detected in the caged mussel samples

adjacent to the Lower Subase represent two exceptions.

Chemical contaminants were also detected in native shellfish samples. However, the results were generally
inconclusive in establishing a link with contamination detected at NSB-NLON. PAHs were detected in one
blue mussel sample located adjacent to the Lower Subase. This may be indicative of impacts from NSB-
NLON. It should be noted that a majority of the native shellfish samples were collected from the commercial
shellfish beds which were located either across the Thames River on the other side of NSB-NLON, or were
located somewhat upstream of NSB-NLON. No commercial shellfish beds are located in close proximity

to NSB-NLON for sampling and monitoring purposes.

D-01-95-10 ES-49 CTO 129



Revision 1
March 1997

To convert wet weight to dry weight concentrations, wet weight contaminant concentrations were multiplied
by 5 (NOAA, 1995). Dry weight concentrations of copper detected in native mussels collected near the
NSB-NLON were found to range from 9 to 20 mg/kg. The NOAA Status and Trends Program reports an
average value of approximately 10 mg/kg copper for the same species taken from contaminated sites.
Analyses performed on mussels collected from the Raymark site on the Housatonic River determined that
copper concentrations were less than 1 mg/kg, dry weight (Finkelstein, pers. com.). Data complied by
NOAA indicates that lethality in these species can occur at dry weight tissue concentrations ranging from
10 to 100 mg/kg copper, dry weight (NOAA, unpublished).

Dry weight copper concentrations measured in oysters collected from the Thames River near the NSB-NLON
ranged from 311 to 1265 mg/kg. Data from the NOAA Status and Trends Program indicates that copper
concentrations of 310 mg/kg are typically recorded in oysters collected from contaminated sites. Copper
concentrations recorded at the Raymark site were 60 - 70 mg/kg (Finkelstein, pers. com.). Data compiled
by NOAA indicate that lethality can occur in this species when tissue concentrations reach 5 - 900 mg/kg,
dry weight (NOAA, unpublished). Zinc concentrations recorded in oysters collected from the Thames River
ranged from 6050 to 14,800 mg/kg, dry weight. Zinc concentrations reported for oysters collected from the
Raymark site equalled 1000 mg/kg while oysters collected from contaminated NOAA Status and Trends sites
averaged 4000 mg/kg. Interpretation of the potential significance of the contaminant tissue concentrations
measured in molluscs collected from the Thames River would have been enhanced if measurements to

assess impacts to growth or body condition had been recorded as part of this study.

Heavy metals such as copper, zinc and iron are known to be essential to organisms whereas metals such
as cadmium, lead, and mercury are regarded as non-essential. However, all heavy metals, whether essential
or not, can be toxic when taken up in excess by aquatic invertebrates (Rainbow, 1996). The rates at which
heavy metals are taken up by aquatic invertebrates depends greatly on external physiochemical factors
(Sunda et al., 1978; Engel and Fowler, 1979; Luoma, 1983 as cited in Rainbow, 1996) and are generally
beyond the short-term physiological control of these organisms (Nugegod and Rainbow 1988a; 1989a,
1989b; Simkiss and Taylor 1989a; Phillips and Rainbow, 1993 as cited in Rainbow, 1996). Aquatic
invertebrate uptake of metals is generally by passive facilitated diffusion (Bryan, 1971, 1979; Simkiss and
Taylor, 1989a as cited in Rainbow, 1996). Dissolved metals bind passively to membrane proteins and are
then passed down a gradient of metal-binding ligands with increasing metal affinity (Rainbow, 1996). The
metals eventually bind to large intracellular proteins, generally precluding their movement within and/or out
of the organism. The "subsequent accumulation of a heavy metal by an invertebrate then depends on its
particular accumulation strategy for that metal (Rainbow, et al., 1990; Phillips and Rainbow, 1993 as cited
in Rainbow, 1996).
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In general, heavy metals reach body concentrations in aquatic invertebrates that are orders of magnitude
greater on a wet weight basis than external dissolved concentrations. If the metals remain in a biologically
active form, then they have the potential to play a metabolic role (as in the case of an essential metal) or
also to be toxic, since binding to intracellular molecules can interfere with their metabolic functioning.
However, physiological processes exist that can detoxify body metallic concentrations in excess of metabolic

requirements (if any) and, in some circumstances excrete them from the body (Rainbow, 1996).

Aquatic invertebrates exhibit extremes in bioacumulation strategies. Some organisms accumulate all metal
taken up with no significant excretion. In these instances, the metal must be stored in a detoxified form,
except for that concentration of essential metal necessary of physiological processes. On the other extreme,
an aquatic invertebrate may excrete all the metal that is entering in excess of metabolic needs, thereby a

relatively constant body burden, presumably equivalent to physiological needs (Rainbow, 1996).

Interpretation of the significance of the concentration of a metal in an aquatic invertebrate depends heavily
on a detailed study of the biology of the metal in that invei'tebrate (Rainbow, 1996). According to Rainbow
(1996), it is impossible to establish background or baseline concentrations of metals in aquatic invertebrates.
Even intraspecifically, the concentration of a metal may very greatly as a result of inherent variability, not
accountable by environmental or physiological factors. However, in the absence of differences in ambient
metal bioavailability, individual variability with physiological state and other inherent individual variability
remain to confound the interpretation of metal concentrations. It is difficult, then to define absolutely a body
concentration range reflecting "normal” conditions because of such variability, but some intraspecific
comparisons are possible, particularly when such comparisons include populations exposed to unusually
high metal bioavailabilities. Such interpretations are the basis of any heavy metal biomonitoring program
that would necessarily involve the use of net accumulators (Philips and Rainbow, 1993 as cited in Rainbow,
1996).

Typical biomonitoring data sets might be expected to fali conveniently into a group of "background” samples
of approximately equal metal concentration, with remaining samples occupying a gradient of increased
concentrations indicative of sites exposed to a range of increased metal bioavailabilities. In fact,
physiological and other inherent individual variability often causes samples of the first group to fall along a
gradient of concentrations themselves (Rainbow, 1993 as cited in Rainbow, 1996). In effect, it is impossible
to define a point along the complete gradient of samples where increased metal bioavailability supersedes
physiological or inherent variability as the primary determinant of a particular concentration. The presence
of this gray area that is difficult to interpret does not, however, necessarily prevent conclusions to be drawn

concerning samples at the top of any series of metal concentrations. It is often possible, therefore, to
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conclude that the metal concentration of a particular sample indicates the presence of atypically high metal

bioavailibility, significantly raised above those of other sites monitored (Rainbow, 1996).

Toxic effects are not related to absolute body concentrations but are manifest only when the rate of uptake
of a toxic metal exceeds the rates of physiological/biochemical detoxification and/or excretion. An
invertebrate with a low total metal concentration may be suffering from sublethal toxic effects, resulting from
a recent increase in metal uptake rate, while other conspecifics may be free from toxicity, although
containing much higher metal concentrations accumulated in detoxified form over an extended time period
(Rainbow, 1996).

The identification and quantification of different components of the total metal content of an invertebrate
(e.g., metabolically available levels, temporary or permanent detoxified metal stores) offer scope for the
interpretation of the significance of the metal concentration accumulated in that invertebrate (Rainbow, 1996).
Furthermore, the comparison of intraspecific metal concentrations of aquatic invertebrates in a biomonitoring
program does allow the identification of sites with raised toxic metal bioavailability.

Therefore, according to Rainbow (1996),the measurement of metal concentrations in aquatic invertebrates
cannot tell us directly whether that metal is poisoning the organism. Nevertheless, in situations of metal
contamination, the measurement of metal concentrations in a suite of well-researched biomonitors does
allow use to recognize whether accumulations are atypically high, with a real possibility that toxic effects

may be present, a vital step in any recognition of potential ecotoxicological effects in the environment.

E.13.2 Baseline Human Health Risk Assessment

Incidental ingestion and dermal contract with surface water by a recreational adult user (e.g., water skier)
and ingestion of oysters, clams, finfish, and other shellfish (in spite of a ban on shellfish harvesting) were
considered potential exposure routes for the Thames River risk assessment. Incidental ingestion and dermal
contact with surface water by the adult recreational user were found to constitute negligible noncarcinogenic
and carcinogenic risks were below the lower bound (1E-6) of the USEPA acceptable target risk range of
1E-6 to 1E-4). Carcinogenic risks associated with potential ingestion of oysters and clams each exceeded
the USEPA acceptable target risk range of 1E-6 to 1E-4 under the RME scenario. In addition,
noncarcinogenic risks for oysters, clams, and finfish/other shellfish ingestion exceeded the USEPA
acceptable level of one under the RME scenario. Primary contributors to both the elevated risks for shellfish

and finfish ingestions include heptachlor, arsenic, cadmium, and zinc.
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E.13.3 Ecological Risk Assessment

The results of the various studies conducted on the Thames River indicate that areas that represent a
potential risk to sensitive benthic invertebrates appear to be confined to sediment sample stations
EC-SDTR04 (located midway between Pier 15 and Pier 17) and EC-T3SD4 (located adjacent to the DRMO)
and only two chemicals (cadmium and endrin aldehyde) were present in surface water samples collected
during the original Phase II Rl sampling round in 1993 that exceeded their respective benchmark values.
While consumption of prey may represent a potential hazard to waterfowl, actual risks to these receptors
are likely to be much less than those predicted in this assessment due to the conservative assumptions used
to calculated total potential doses received by these receptors.

Based on an evaluation of toxicity test results, benthic community studies, hazard quotients, and SEM/AVS,
the ecological risk assessment concluded that risk to sensitive benthic invertebrates appear to be confined
to stations EC-SDTR04 (midway between Piers 15 and 17) and EC-T3SD4 (adjacent to the DRMO). It is
concluded that the Thames River near the site representé a minimal risk to ecological receptors.

E.13.4 Comparison of Site Data to State Standards

Surface water data from the Thames River was compared to state standards. For shallow and deep surface
water trichloroethene and mercury were the only chemicals for wh'ich maximum concentrations exceeded
the state AWQC for the consumption of organisms and/or water and organisms. Of these chemicals
mercury was not selected as a COC in the baseline human health risk assessment. The maximum detection

of this chemical was less than the risk-based COC screening criteria for tap water ingestion.

E.13.5 Recommendations

It is recommended that the Navy perform additional characterization of the Thames River in the vicinity of
the Lower Subase. The further characterization should focus on sediment sampling and analyses for SVOCs
and lead to define the nature and extent of sediment contamination along the Lower Subase. This
information will be useful in relating contamination in the Thames River to source areas at the Lower Subase.
Additional characterization of the potential impacts to the shellfish community in the vicinity of the Lower
Subase may also be required. These characterization activities should be completed during the forthcoming

Lower Subase RI. This recommendation is based on the following information:

e  Concentrations 6f SVOCs patrticularly PAHs in sediment increase substantially in the vicinity of

the Lower Subase when compared with upstream and downstream locations. Fluoranthrene and
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pyrene were detected at maximum concentrations of 5300 ug/kg for each compound when
compared to upstream concentrations of 1000 ug/kg for each compound, and downstream

concentrations of 1100 ug/kg for each compound.

e  Semivolatile organic compounds were detected in caged ribbed mussel samples located
adjacent to the Lower Subase at concentrations above the caged mussel control sample
concentrations. PAHs were also detected in a native blue mussel sample which was collected

adjacent to the Lower Subase.

It is also recommended that the future activities conducted at the DRMO and Goss Cove consider ongoing

evaluation and monitoring of the Thames River as work progresses.

With the exception of potential impacts to the sediments and the shelifish community in the localized vicinity
of the Lower Subase, the observed nature and extent of contamination in the Thames River does not clearly
indicate that NSB-NLON s the sole source of the problem. Noncarcinogenic risks are greater than the
USEPA acceptable limit of one and carcinogenic risks are greater than the USEPA acceptable target risk
range of 1E-6 to 1E-4 associated with RME shellfish ingestion. However, it should be noted that such risks
are almost solely attributable to the presence of naturally-occurring chemicals in the tissues of these
organisms. The cancer risk estimates for shellfish ingestion are substantially attributable to the presence
of arsenic in the fissue (i.e., 98% of the risk). Noncarcinogenic risks are primarily attributable to the
presence of arsenic and cadmium. Based on the fact that arsenic in shellfish tissues may be nontoxic and
have no carcinogenic effects, the shellfish risk estimate may be substantially overestimated. Furthermore,
a majority of the native shellfish samples were collected somewhat distant and upstream of NSB-NLON, and

other sources may be contributing to some of the observed chemical detections.

Although contamination has been detected in sediment and shellfish adjacent to the Lower Subase that
requires further characterization, based on the information collected during the Phase | and Il Rls, the

following information is known:

®  The surface water results showed that trichloroethene and butylbenzyiphtalate were detected in
one upstream sample at a concentration of 5 ug/L. Di-n-butylphalate (0.6 ug/L) was detected
in one sample in the vicinity of the DRMO and endrin aldehyde (0.14 ug/L) was detected in one

sample adjacent to the Lower Subase. No other organic compounds were detected in surface
water samples. Therefore, as previously stated only sediment samples adjacent to the Lower
Subase requires further characterization.
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¢ The ecological risk assessment concluded that the Thames River near NSB-NLON represents
a minimal potential risk to ecological receptors. Only two chemicals in surface water (cadmium
and endrin aldehyde) exceeded benchmark values, which indicates a potential risk to aquatic
biota. Two of the sediment sample locations represented a potential risk to sensitive benthic
macroinvertebrates. Furthermore, conservative assumptions were used in the calculations
performed and actual risks to these receptors could be must less than predicted. Therefore, as
previously stated benthic organisms adjacent to the Lower Subase are the only ecological
receptor that requires further characterization.

If the resuilts of the focused characterization efforts at the Lower Subase, Goss Cove, and DRMO reveal that
the nature and extent of contamination is somewhat localized, and contaminant types and concentrations
as similar to that found during the Phase | and Il Rls, no additional work may be required in the Thames
River. A revaluation of the data collected during the focused characterizations and a comparison to the data
collected during the Phase | and Il Rl will be required. At that time, a decision can be made regarding
additional activities for the Thames River.

With regard to sediment risk investigations, it is recommended that all sediment sampling data available in
the Pier 17 Replacement Study, the Seawolf Homeporting Environmental Impact Statement, and this Phase
Il RI be evaluated in the Lower Subase Ri, and subsequent reports associated with the Goss Cove and
DRMO sites. This approach will allow for a more comprehensive evaluation of all available Thames River

information in the vicinity of those potential source areas that could impact the Thames River.

Finally, it is recommended that the Thames River not be carried through as a site in the CERCLA process.
It should be considered as part of other site-specific investigations, whereby each section of the Thames

River adjacent to a particular site will be considered separately from other sections of the river.

E.14 OVERALL SUMMARY AND CONCLUSIONS

This section presents an overall summary and conclusions for each of the 13 sites investigated at NSB-
NLON. Each of the individual sections for the site studies (i.e., Sections 5.0 through 17.0) included stand-
alone summary and conclusion sections. Therefore, this section is intended to be a brief overall summary

to support decision making and additional project planning.
Table 18-1 provides a brief synopsis of the recommendations for each of the sites studied. Table 18-1

identifies each of the various sites, includes the recommended action for each, and provides a succinct

rationale for the recommendation(s).
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As shown in Table 18-1, two of the sites investigated are recommended for no further action. These sites
include the CBU Drum Storage Area and the Spent Acid Storage and Disposal Area. Limited further
characterization will be required at the Spent Acid Storage and Disposal Area to support this
recommendation. Although some contamination was identified at these sites, concentrations in all matrices
were generally low and no evidence of significant contaminant migration was evident from the sites. In
addition, human health and ecological risks were determined to be low. Risks that do exist are typically

associated with naturally-occurring substances (particularly manganese).

Three sites are identified for potential remediation. The Area A Landfill is recommended for remediation-

based on the observed nature and extent of contamination, the results of the baseline risk assessment, and
as a result of planned remedial efforts at the site. The Rubble Fill Area at Bunker A86 is also recommended
for removal to accommodate installation of an upgradient interceptor trench as part of the Area A Landfill
remediation. Removal of the OBDA debris is also recommended.

Additional characterization efforts have been recommended for the Area A Downstream Watercourses
(volatile organic groundwater contamination), the Rubble Fill Area at Bunker A86 (assessment of downslope
impacts and source investigation), the Torpedo Shops (abandoned sewer lines/leach fields investigation),
the Lower Subase (delineation of the complete extent of TPH, lead, and semivolatile organic contamination),
the Over Bank Disposal Area - Northeast (delineation of lead and arsenic contamination), and the Thames
River (sediments and potentially shellfish in the vicinity of the Lower Subase as well as future evaluation in
the vicinity of the DRMO and Goss Cove).

Finally, it is recommended that a Feasibility Study of remedial alternatives be completed for the former Goss
Cove Landfill site, the Area A Downstream/OBDA, the Area A Wetland, Area A Weapons Center, and the
Defense Redutilization and Marketing office. The former Goss Cove Feasibility Study recommendation is
based on the presence of concentrations of organics and inorganics in the soil/fill and groundwater,
evidence of offsite impacts (Goss Cove surface water and sediment, upgradient groundwater), and elevated
potential human health and ecological risks. The Area A Downstream/OBDA Feasibility Study is

recommended to address pesticide contamination in soils and sediment.

The Feasibility Study for the Defense Reutilization and Marketing Office is recommended to address residual
contamination in soils and the potential to impact groundwater and the Thames River. Relatively low
concentrations of contamination, limited mobility, and low human health and ecological risks are present
at the Area A Wetland and Area A Weapons Center. A Feasibility Study will also be required at these sites
to evaluate potential remedial alternatives. The Feasibility Studies recommended for the Area A Wetland,

Area A Weapons Center, and Defense Reutilization and Marketing Office will focus on the evaluation of
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monitoring and access/use restrictions (‘Limited Action®), as well as "No Action’, and more “"Active
Remediation” alternatives. A "Limited Action” alternative may be implemented if it compares favorable to
other alternatives.

Consideration should also be given toward a base wide evaluation of the groundwater as a separate
operable unit. This evaluation is needed to provide a more comprehensive regional perspective on the
groundwater as it flows beneath, and discharges away from, NSB-NLON.
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TABLE ES-1

SUMMARY OF RECOMMENDATIONS
PHASE | AND II RI SITES
NSB-NLON, GROTON, CONNECTICUT

Site

Recommended Action

Rationale

CBU Drum Storage
Area

No Further Action

Low concentrations and limited mobility. Low human health
and ecological risks.

Area A Landfill

Containment/Management of Migration and
Groundwater Monitoring

Demonstrated groundwater impacts. Potential human
health impacts.

Area A Wetlands

No Further Action

Low concentrations and limited mobility. Low human health
and ecological risks.

Area A Weapons
Center

No Further Action

Low concentrations and limited mobility. Low human health
and ecological risks.

Area A Downstream
Watercourses/OBDA

Source Investigation (volatile organics)
Delineation/Assessment of Downstream Contamination
Revisit Feasibility Study to address pesticide
contamination in soil and sediment.

Vinyl chloride detected in groundwater possibly from
upgradient (torpedo shops) areas. High concentrations of
metals and pesticides detected in sediments.

Rubble Fill Area at
Bunker A86

Delineation of Downslope Contamination

High concentrations (phthalates, metals, and PAHSs).
Evidence of downslope migration.

Defense Reutilization
and Marketing Office

No further action with monitoring of Wells
Downgradient and Adjacent to Area of Volatile Organic
Soil Contamination (6MW8S, 6MW3S/D).

High concentrations of volatile organics detected in soil -
No significant groundwater impact evident to date.
Remediation completed in January 1995 will mitigate
potential exposure and associated risk.

Torpedo Shops

Investigation of soil and groundwater in the vicinity of
abandoned sewer lines/leach fields.

Soil and groundwater contamination detected in the vicinity
of abandoned sewer lines/leach fields. Nature and extent
of contamination not known.
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SUMMARY OF RECOMMENDATION
PHASE | AND Il RI SITES
NSB-NLON, GROTON, CONNECTICUT

Site

HRecommended Action

Rationaie

Former Goss Cove
Landfill

Perform Feasibility Study of Alternatives

High concentrations of organics and inorganics in soil and
groundwater. Evidence of offsite impacts exist. Elevated

potential human health and ecologlcal risk estimates.

Lower Subase

Conduct Additional Characterization Focusing on
Lead, TPH, and Semivolatiles

High concentrations of lead and TPH detected in subsurface
soils. Semivolatiles not quantitated but may contribute to
human health risks. Thames River potentially impacted.

Over Bank Disposal

Area, Northeast

No Further Action

Low concentrations and limited mohility.

Low ,'l‘{ma" health a d, Ioglcal risks.

Spent Acid Storage
and Disposal Area

No Further Action

Low concentrations and limited mobility.
Low human health and ecological risks.

Lead remediation completed.

Conduct Additional Characterization Focusing on
Sediment Contamination and potentially shellfish i

vicinity of the Lower Subase
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1.0 INTRODUCTION

This report presents the results of the Phase Il Remedial Investigation (Rl) and supplemental investigations
conducted at the Naval Submarine Base-New London (NSB-NLON), located in Groton and Ledyard,
Connecticut. It has been prepared for the Department of the Navy, Northern Division Naval Facilities
Engineering Command, by Brown and Root Environmental (BRE), formerly Halliburton NUS Corporation
(HNUS), under Contract Number N62472-90-D-1298 Contract Task Order 129, as part of the United States
Navy Installation Restoration Program (IRP).

The Phase Il Rl was conducted as part of the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) of 1980 (also known as Superfund) and Navy IRP Rl programs to determine the
nature and extent of contamination, to assess the human health and environmental risks posed by
contamination, and to recommend remediation alternatives for 13 sites identified at NSB-NLON. The 13
Phase Il RI sites include the following (Drawing 1, Volume lll):

e  Construction Battalion Unit (CBU) Drum Storage Area - Site 1
®  Area A Landfill - Site 2

e  Area A Wetland - Site 2

®  Area A Weapons Center - Site 20

®  Area A Downstream Watercourses and Over Bank Disposal Area (OBDA) - Site 3
° Rubble Fill Area at Bunker A-86 - Site 4

¢  Defense Reutilization and Marketing Office (DRMO) - Site 6
e  Torpedo Shops - Site 7

¢  Goss Cove Landfill - Site 8

®  Lower Subase

e  Over Bank Disposal Area Northeast (OBDANE) - Site 14

. Spent Acid Storage and Disposal Area (SASDA) - Site 15

® Thames River

The Phase !l Rl was completed in 1993 and 1994 by BRE, in accordance with the USEPA-approved Phase I
Rl Work Plan, prepared by Atlantic Environmental Services, Inc. (Atlantic, May 1993) as amended by the
Phase Il Rl Addendum (HNUS, November 1993). A draft version of the Phase Il Rl Report was submitted
for regulator review in February of 1995. The United States Environmental Protection Agency (USEPA) and

the Connecticut Department of Environmental Protection (CTDEP) both reviewed and commented on the
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report. Three subsequent scoping meetings were held between the Navy, USEPA and CTDEP to determine
the appropriate course for the Navy to follow to address the regulator's comments and prepare a draft final
version of the Phase Il Rl report. Based on the outcome of the meetings, it was determined that additional
investigations were necessary to characterize the hydrogeologic conditions at the site and the risks to
ecological and human health receptors. Supplemental Phase Il Rl investigations were performed in 1995
by BRE and were completed in accordance with the following documents: Final Work Plan for the Area A
Landfill/Wetland Interface and Downstream/OBDA Sampling (HNUS, March 1995); Work Plan for Thames
River Ecological Sampling (HNUS, March 1995); Letter Work Plan for Goss Cove Landfill (HNUS, July 1995);
and Letter Work Plan for Area A Landfill Groundwater/Leachate Modeling Study (BRE, September 1995) and
associated addenda (BRE, October 5, 1995 and BRE, October 25, 1995).

It was also concluded from the meetings, that changes were necessary to the methodology used to
characterize risks to ecological and human health receptors. BRE prepared supplemental documents
summarizing the new methodologies to be used and submitted them to the regulators on behalf of the Navy
for review and comment. As a result of the regulators review, the methodologies were revised and finalized.
These final methodologies were used to characterize risks to ecological and human heaith receptors in this
report. It should be noted that new CTDEP regulations, which were adopted by the state in December of
1995 and which were not available during the scoping of the methodologies for the ecological and human

health risk assessment, were used for this report.
1.1 PURPOSE OF REPORT

The purpose of this report is to present the results of the Phase Il Rl. It includes a summary of the Phase Il
Rl field investigations, a description of individual sites, and a presentation of the results of the sampling,
analyses, and evaluations for the 13 sites. The discussion of the results includes the nature and extent of
contamination, an assessment of contaminant fate and transpon, a baseline human health risk assessment,
and an ecological risk assessment. In addition, this report compiles and presents data generated during

previous site investigations and provides recommendations for further actions at each site.
Recommendations for each site include one or a combination of the following categories. Concurrence

between the Navy, EPA, CTDEP, and all other interested parties is required regarding each recommendation.

1)  Further characterization is required to collect data to sufficiently evaluate the nature and extent
of contamination in order to determine if human and ecological receptors are exposed to

unacceptable risks, or if regulatory criteria are being substantially exceeded.
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2)  AFeasibility Study (FS) is required to develop, screen, and evaluate remedial actions, based on
unacceptable calculated risks to all human or ecological receptors or unacceptable exceedances
of regulatory criteria.

3) No Further Action is required because the risks to human health or the environment that were
calculated were acceptable or regulatory criteria have not been substantially exceeded. A
decision document would be required to record the No Further Action decision.

1.2 BASE BACKGROUND
This section provides a brief description of base operations, a brief history of NSB-NLON, a summary of
previous investigations, and a brief description of the 13 sites investigated for the Phase Il Rl. Detailed

descriptions of individual sites are provided in the site-specific sections of this report.

1.2.1 Base Description

NSB-NLON is located in southeastern Connecticut in the Towns of Ledyard and Groton. Figure 1-1
illustrates the site locality. It encompasses approximately 576 acres on the east bank of the Thames River,
approximately 6 miles north of Long Island Sound. The site is bounded to the east by Connecticut
Route 12, to the south by Crystal Lake Road, and to the west by the Thames River. The northern border

is a low ridge that trends approximately east-southeast from the Thames River to Baldwin Hill.

NSB-NLON currently provides base command for naval submarine activities in the Atlantic Ocean. It also
provides housing for Navy personnel and their families and supports submarine training facilities, military

offices, medical facilities, and facilities for the submarine maintenance, repair, and overhaul.

Land use adjacent to the base is residential and commercial, as illustrated on Drawing 1. Residential
development along Military Highway, Sleepy Hollow, Long Cove Road and Pinelock Drive borders the site
to the north and extends north into the Gales Ferry section of Ledyard. Property along Route 12 to the east
of the base consists of widely-spaced private homes and open, wooded land. Development is mixed
commercial and residential farther south on Route 12. It includes a church, automobile sales and repair
facilities, convenience stores, restaurants, and a gas station. Private residences, an automobile service
station, and a dry cleaners are located along the south side of Crystal Lake Road. Housing for Navy
personnel exists farther south of Crystal Lake Road.
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1.2.2 Base History

In 1867, the State of Connecticut donated a 112-acre parcel of land on the east bank of the Thames River
to the Navy. The Navy did not use the property until 1868 when it officially designated the property a Navy
Yard. The site was used to moor small craft and obsolete warships and served as a coaling station for the
Atlantic fleet. The Department of the Navy designated the site a Submarine Base in 1916. During World
War |, facilities at the base were extensively expanded; 6 piers and 81 buildings were added. In 1917, a

submarine school was established, and in 1918 the Submarine Medical Center was founded.

NSB-NLON underwent another period of growth during World War Il. Between 1935 and 1945 the Navy built
in excess of 180 buildings and acquired land adjacent to NSB-NLON. The base expanded from 112 acres
to 497 acres. The growth of NSB-NLON continued after World War il. In 1946 the Medical Research
Laboratory was established.

In 1968 the Submarine School was changed from the status of an activity to a command and became the
largest tenant on the base. The Naval Submarine Support Facility was established in 1974, and the Naval
Undersea Medical Institute was established the following year. Presently, NSB-NLON consists of over
300 buildings on 576 acres of land.

On August 28, 1991 NSB-NLON was placed on the National Priorities List (NPL) by the United States
Environmental Protection Agency (USEPA) pursuant to CERCLA and the Superfund Amendments and
Reauthorization Act (SARA) of 1986. The NPL is a list of uncontrolled or abandoned hazardous waste sites

identified by USEPA requiring priority remedial actions.

1.2.3 Previous and Ongoing Investigations and Related Documentation

Brief summaries of previous and ongoing investigations and activities associated with the 13 Phase Il Rl sites

are provided in this section and are presented in Table 1-1.

Selected analytical data from previous investigations were evaluated and included in a database generated
for the Phase Il Rl for determination of nature and extent of contamination and human health and ecological
risk assessment. The previous investigations selected for inclusion in the database are indicated in
Table 1-1. Further discussion of the database and the selection rationale for the database is provided in
Section 3.0. '
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1.2.3.1 Lower Subase Study (1979)

In 1979 the Navy Environmental Support Office (NESO) conducted a study to identify the source and extent
of oil found in soils along the Thames River at three sites on the Lower Subase. The three sites were
Building 29 Power Plant Oil Tanks (Site 11), Building 107/345 Fuel (Oil) Storage Tanks (Site 10), and
Building 79 Waste Oil Pit (Site 13). NESO drilled a total of 16 soil borings and installed piezometers in each
soil boring. Soil samples from each boring were analyzed for oil content. Groundwater samples were
collected from each piezometer to check for the presence of oil and, where present, to measure product
thickness.

The study found oil extending toward the Thames River near the Building 29 Power Plant Qil Tanks. No
significant contamination was detected at Building 107/345, and oil identified as lubricating oil was found
in the vicinity of Building 79. The NESO report recommended: 1) an inspection of the tanks and storm
sewers on the Lower Subase; 2) the abandonment of the Building 79 waste oil pit and the installation of a

recovery well system; and, 3) monitoring around Building 107 /345.

The Building 79 waste oil pit was eventually filled with concrete, and a recovery well system was installed
sometime around 1985. It operated for a period of several months but was determined to be ineffective and
later abandoned.

1.2.3.2 Final Initial Assessment Study (1983)

in 1982 Envirodyne Engineers, Inc., performed an Initial Assessment Study (IAS) at NSB-NLON as part of
- the Navy Assessments and Control of Installation Pallutants (NACIP) program. The purpose of this study
was to identify and evaluate past waste disposal practices and to assess the potential for environmental
impacts. Envirodyne reviewed installation records, interviewed long-term and former employees, toured the

installation, and photographed sites as part of the IAS.

Envirodyne identified 11 sites as having contained hazardous material. Of the 11 sites identified, five sites
were suspected to be contributing contaminants to the environment. The report recommended no further
actions be pursued at CBU, Goss Cove Landfill, Building 79, and SASDA. It recommended various actions
for Bunker A-86, the Building 107/345 Fuel Oil Storage Tanks, Building 29 Power Plant Oil Tanks, and
OBDANE. It also recommended a Confirmation Study be conducted for Area A Landfill, OBDA, and DRMO.
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1.2.3.3 Lower Subase Site Investigation (1987)

In 1987 Wehran Engineering Corporation completed an investigation to identify and delineate the sources
of heavy oils in the subsurface of the Lower Subase (Sites 10, 11, and 13). Soil samples from soil borings,
sludge samples from manholes, and groundwater samples from monitoring wells were tested to identify the

type, degree of weathering, and general concentrations of oil contamination at the three sites.

Wehran identified three areas contaminated with heavy oil: (1) a concrete utility trench and oil line near
Argonaut Road contained No. 6 fuel oil younger than 1 year old (Site 11) ; (2) manholes and the area
underneath the supporting platform in the vicinity of Building 79 (Site 13) contained No. 6 fuel oil older than
1 year and trace levels of waste oil; and, (3) electrical conduits and manholes along Corvina Road contained
a mixture of No. 5 and No. 6 fuel oils.

Wehran recommended three actions: (1) inspection of the No. 6 fuel line and cleaning of the contaminated
utility trench; (2) removal of the sludge oil from the manholes near Building 79 by using absorption pads
and/or excavation of oildaden soils; and, (3) further study of the electrical conduits and manholes and
review of the oil supply and distribution system of Building 29.

The first recommendation was implemented by inspecting and replacing the No. 6 fuel oil and diesel lines
running along Argonaut Road from the valve house at the gate of the Lower Subase to the Power Plant.

Fuel lines along Corvina Road running to the piers were aiso recently replaced.

1.2.3.4  Area A, OBDA, and DRMO Verification Study (1988)

Wehran Engineering Corporation conducted a Verification Study from Decemnber 1984 to April 1985 for the
Area A Landfill and Wetlands, OBDA, and DRMO, known then as (DPDO). The purpose of the study was
to verify the presence or absence of contamination at the sites indicated and to recommend whether

additional study was warranted.

Three rounds of surface water and sediment sampling were collected at six locations in the Area A Landfill
and Wetlands. One of the six locations was in the wetland area of the Over Bank Disposal Area. The first
round of samples was analyzed for volatile and semivolatile organics, pesticides, polychlorinated biphenyls
(PCBs), and inorganics. The samples from the second and third rounds were analyzed for volatile organics
and inorganics. In addition, three soil borings were installed at DRMO. Soil samples were collected and
composited from each soil boring. The soil samples were analyzed for volatile and semivolatile organics,

pesticides, PCBs, and inorganics.
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Wehran concluded that the soil at DRMO and the surface water and sediment in Area A had been impacted
and contained contaminants in concentrations that posed risks to public health and the environment. It
recommended that a Site Characterization Step 1B, hydrogeological investigation, be performed at both

sites.
1.2.3.5 North Lake Analytical Data (1988-1993)

Each summer North Lake is filled with municipal water and chlorinated for recreational use by Naval officers
and their families. Since 1988, the Navy has collected and analyzed surface water and beach sand samples
from North Lake to ensure that the lake is safe. Sampling has been conducted at the lake because of its
location within the Area A Downstream Watercourses. Representative analytical results from this sampling
have been evaluated for the Phase Il Rl for the Area A Downstream Water Courses and are discussed in
Section 9.0.

1.2.3.6  Data Report of Additional Borings, DRMO Conforming Storage Facility Report (1989)

In April and June of 1989 Goldberg-Zoino & Associates, Inc., (GZA) drilled six test borings at DRMO in
preparation for the erection of a Conforming Storage Facility (hazardous waste storage) in the northern
portion of the site. GZA collected a total of ten soil samples for analysis. Three composite samples were
analyzed for priority pollutant metals, Toxicity Characteristics Leaching Procedure (TCLP) metals, and EP
toxicity metals. The remaining 7 grab and composite samples were analyzed for TCLP volatile organic

compounds.

Metals were detected at varying concentrations in all samples for the various metal analytical methods.
Three volatile organic compounds were detected for TCLP. The report only presented the analytical resuits

and did not provide any recommendations.
1.2.3.7 Hydrogeologic Investigation UST OT-4, OT-7, OT-8, OT-9, and Tank 54-H (1989)

in 1989 Fuss & O’Neill, Inc., conducted a hydrogeologic investigation of two underground storage tank
(UST) areas at NSB-NLON: OT-4, OT-7, OT-8, and OT-9 of the tank farm area and tank 54-H of the Lower
Subase. The study was initiated as a result of subsurface soil contamination encountered during
construction activities in the two areas. Four soil borings were installed around OT-4, and four monitoring
wells were installed around each of the remaining tanks. Soil samples were collected from each boring and
well and field screened with an organic vapor monitor (OVA). One soil sample from each boring around

tank OT-4 was analyzed by a laboratory for volatile aromatics and screened for petroleum products.
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Groundwater samples from each of the monitoring wells were analyzed by a laboratory for volatile aromatics

and petroleum products.

No. 2 fuel oil was detected in monitoring wells at tanks OT-7, OT-8 and tank 54-H. Fuss & O’Neill concluded
petroleum contamination had impacted groundwater of the two tank areas.

1.2.3.8  Offsite Residential Well Investigation (1990-1993)

From December 1890 to December 1993, Atlantic conducted seven rounds of groundwater sampling and -

analysis of 25 off-site residential wells to assess potential impacts from waste management and disposal
practices at NSB-NLON. The preliminary conclusion from the investigation was that the off-site residential
wells were not being impacted by NSB-NLON.

1.23.9  Multi-Media Inspection (1991)

In April and June 1991 USEPA and CT DEP conducted a multi-media environmental inspection of NSB-
NLON. The multi-media inspection was to ensure NSB-NLON was in compliance with the Clean Air Act,
RCRA, Toxic Substances Control Act (TSCA), and the Clean Water Act. Visual inspections, documentation
review, and sampling were conducted by inspection teams at numerous locations across the site.

Deficiencies in compliance with all four acts were reported.  NSB-NLON contacts indicated

recommendations would be acted upon.
1.2.3.10 Phase | Remedial Investigation (1992)
An investigation of 11 sites was completed at NSB-NLON by Atlantic Environmental Services, Inc., from 1990

through 1992. Atlantic investigated seven of the eleven sites as Initial Site Inspections (ISls) and four sites

under a Phase | Remedial Investigation. The eleven sites investigated by Atlantic include the following:

|

° Construction Battalion Unit Drum Storage Area - Site 1
Bunker A-86 - Site 4

Torpedo Shops - Site 7

®  Goss Cove Landfill - Site 8

] Over Bank Disposal Area Northeast - Site 14
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e  Spent Acid Storage and Disposal Area - Site 15

) Former Gasoline Station - Site 18

RI

® Area A - Site 2

e OBDA - Site 3

e DRMO - Site 6

®  Lower Subase - Site 13

As a result of the investigation of these sites, Atlantic recommended that additional investigations be
conducted at each of the sites with the exception of the Former Gasoline Station. Furthermore, Atlantic
indicated that four specific areas within Area A (Landfill, Wetlands, OBDA/Downstream, and the Weapons
center) and the Thames River should also be investigated.

The Atlantic investigations are summarized in the Phase | Rl report (Atlantic, August 1992). Site-specific

discussions of the results of the Atlantic investigations are included in subsequent sections of this report.

1.2.3.11 Draft Focused Feasibility Study (FFS) for DRMO (March 1994)

In March 1994 Atlantic prepared a Focused Feasibility Study (FFS) for the DRMO (Site 6) to evaluate and
select remedial actions for mitigation of risks to human health and the environment associated with
contaminated soils at the site. The study identified and screened remedial technologies/process options,
developed and screened remedial alternatives, analyzed remedial alternatives, and compared remedial
alternatives. Data from the Phase | RI (Atlantic, 1992) were used in support of this FFS. Additional data was
collected for the FFS from 17 borings that were drilled and the analysis of 23 soil samples.

Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a cap over
areas of the site that contain contaminated soils above target remediation levels, removal and disposal of
contaminated soil at an off-site RCRA landfill followed by the placement of an impervious cover over the
area, and on-site thermal desorption of contaminated soil and the placement of an impervious cover over
the area. From the comparative analysis of the remedial alternatives, Atlantic recommended the on-site

thermal desorption and disposal at an off-site landfill as the superior remedial alternatives.
Off-site landfilling of contaminated soil and installation of a cap were implemented by the Navy as Interim

Remedial Actions in the fall of 1995, as reported in the Final Report for Interim Remedial Action, Site 6
(Section 1.2.3.23).
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1.2.3.12 Draft Focused Feasibility Study for Spent Acid Storage and Disposal Area (March 1994)

Atlantic prepared a Focused Feasibility Study for the Spent Acid and Disposal Area (Site 15) in March 1994
to select remedial actions for mitigation of risks to human health and the environment associated with
contaminated soils at the site. The feasibility study process included the identification and screening of
technologies, the development and screening of remedial alternatives, the detailed analysis of remedial
alternatives, and the comparative analysis of remedial alternatives. Analytical data from the Phase | Rl
(Atlantic, 1992) were used in support of this FFS. A supplemental site investigation was conducted for the
FFS. It included the drilling of six test borings and the collection and analysis of six soil samples from the

test borings.

Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a cap, off-site
landfill of contaminated material, and on-site soil washing. From the comparative analysis of the remedial
alternatives, Atlantic recommended on-site soil washing and off-site landfill as superior remedial alternatives

for overall protection of human health and the environment.

The Navy implemented the off-site landfill alternative in the beginning of 1995, as documented in the OHM
Final Report for Soil Remediation of Spent Acid Storage and Disposal Area (OHM, 1995) (Section 1.2.3.25).

1.2.3.13 Draft Focused Feasibility Study (FFS) for Area A Downstream/OBDA (April 1994)

In April 1994 Atlantic prepared a FFS for the Area A Downstream/OBDA (Site 3) to select remedial actions
for mitigation of risks to human health and the environment associated with contaminated sediments and
soils at the site. The study included the performance of suppiemental site investigations, a risk assessment
based on the investigation results, the identification and screening of remedial technologies, the development
and screening of remedial alternatives, detailed analysis of remedial alternatives, and the comparative
analysis of remedial alternatives. Chemical and ecological data from the Phase | RI (Atlantic, 1992) were
used in support of this FFS. In addition, 18 surface soil and 60 sediment samples were analyzed for the
FFS. A freshwater aquatic and terrestrial supplemental ecological field investigation was also conducted
during this FFS.

Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a 1-acre
cover over the area, off-site landfilling of sediment dredged from the area, and on-site thermal desorption
of sediment dredged from the area. From the comparative analysis of the remedial alternatives, Atlantic
recommended the on-site thermal desorption and disposal at an off-site RCRA landfill as the superior

remedial alternatives.
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1.2.3.14 Environmental Assessment for Pier 17 Replacement (September 1994)

In September 1994, Maguire Group, Inc. prepared an Environmental Assessment for the proposed dredging
alongside Pier 15 and 17. Three alternatives for the dredging were evaluated: no action, modification to the
existing dry docks at the piers, and Pier 17 replacement. Pier 17 replacement was ranked the highest of
the alternatives but the most costly. In addition, dredged material disposal alternatives were evaluated.
Three alternatives were evaluated: landfilling, confined disposal facility, and open water disposal. The open
water disposal alternative was considered the most desirable with minimal environmental impacts. It was-
proposed that the contaminated sediment be capped with clean sediment to mitigate long-term
environmental effects. Twenty-four sediment samples were collected along the Thames River in 1980 and
1991. The sediment samples were analyzed for percent water, total volatile solids, total organic carbon, total
petroleum hydrocarbons, oil and grease, percent silt/clay, metals, and polycyclic aromatic hydrocarbons
(PAHSs).

From the sediment sampling and analysis, the report concluded that the upper sediment (0-3 feet) contained
higher considerations of metals and PAHSs than the lower sediment layers. Pesticides and PCBs were also
detected at low levels in the upper sediment layers. Because of the results, two composite samples from
Pier 17 and Pier 15 were collected for 10-day benthic toxicity tests on Ampelisca abdita. The results of the
toxicity tests showed that amphipod mortality using site-specific sediment was not statistically greater than
the mortality using reference sediment and the mortality for the site-specific test did not exceed the mortality
for the reference test by more than 20 percent. Three sediment grab samples were also collected in the
vicinity of Pier 17 and Pier 15 to provide a general description of the benthic communities associated with
the sediments of Piers 15 and 17 and to provide an assessment of the potential impacts of the fauna in the
project area. Three surface water and sediment samples were also collected for an elutriate test as part of

this assessment.

The report concluded the proposed action will have short-term effects on Thames River water quality, no

effect on recreational or commercial navigation, and minimal effects on fish and benthic species.
1.2.3.15 Post Removal Action Report for Building 31 Lead Remediation (January 1995)

In response to the discovery of lead contamination in the soil beneath the concrete floor slab of Building 31
(Site 17) on the Lower Subase during construction activities in 1992, the Navy initiated a time-critical removal

action. The removal action consisted of excavation of lead contaminated soil above mean low tide elevation:

on-site solidification, and stabilization; backfilling of stabilized soil within Building 31; installation of a concrete
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floor over the stabilized, backfilled soil; and, backfilling with clean fill in the excavated areas outside of
Building 31 by National Environmental Services Corporation. Also, demolition debris and excavated
materials not suitable for solidification/stabilization were screened for contamination and off-site landfilled

either as hazardous or non-hazardous material.

Based on the results of the post-removal action field verification sampling and analysis, BRE indicated that
the excavation areas beneath Building 31 and along Bullhead Road were no longer contaminated, and no
further action was required. However, the Navy postponed further removal action beneath Albacore Road
as not to interfere with base operations. Alternatively, a non-woven geotextile liner was installed in the
excavation along Albacore Road and backfilled with clean fill. The liner will prevent further contaminant

migration and allow for easy resumption of future removal actions.
1.2.3.16 USEPA Federal Facilities Agreement (FFA) (January 1995)

In January 1995 the Navy, USEPA, and the State of Connecticut signed the USEPA FFA for NSB-NLON.
The general objectives of this agreement are to:

e  Ensure that environmental impacts associated with past and present activities at NSB-NLON are
thoroughly investigated and that the appropriate remedial action is pursued as to protect health

and the environment;

e  Establish a procedural framework and timetable for developing, implementing, and monitoring
appropriate responses at NSB-NLON, in accordance with CERCLA (and SARA amendment of
1986), the National Contingency Plan (NCP), Resource Conservation and Recovery Act (RCRA)
and Hazardous and Solid Waste Amendment (HSWA) of 1984), Executive Order 12580, and

applicable state law; and,

e  Facilitate cooperation, exchange of information, and participation of the above stated parties in
such actions.

1.2.3.17  Pier 33 and Berth 16/Former Incinerator Site Inspection (February 1995)
Following discovery of petroleum hydrocarbon contamination in the soils at Pier 33 and Berth 16 /Former
Incinerator in 1989, these sites were added to the IR Program. Atlantic conducted site inspections at the

two sites to determine the presence or absence, as well as, the magnitude of specific contaminants, and

to determine if the results warrant an RI/FS. Atlantic conducted soil gas surveys at both sites and drilled
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a total of 22 soil borings. Atlantic collected 42 soil samples from the 22 soil borings. Atlantic installed and
sampled 9 monitoring wells. In addition, Atlantic collected 1 surface soil sample from Pier 33 and two
sediment samples from each site. Samples were analyzed for most or all of the following: volatile and

semivolatile organics, pesticides, PCBs, inorganics, TPH, and oil identification by fluorescence.

The soil gas survey results varied greatly, with some elevated detections at Pier 33. In addition, varying
levels of volatiles and semivolatile organics and TPH were detected in subsurface soils from Pier 33. No. 2
fuel oil were identified by fluorescence. PCB levels were below To Be Considered (TBC) values, but nine
metals were detected above background levels. Only lead was detected for TCLP above the TBC value.
Toluene was the only volatile detected in the sediments form Pier 33. TPH and semivolatiles were detected
at varying levels in the sediment, and 10 metals were also detected. No. 4 fuel oil and No. 6 fuel oif were
identified in the sediments. Low levels of volatiles and semivolatiles were detected in the groundwater from
Pier 33, but no TPH, pesticides or PCBs were detected. Residual fuel oil, No. 4 fuel oil, and No. 6 fuel oil
were identified in the groundwater.

Soil gas survey results also varied for Berth 16. Volatiles were detected at low levels in the subsurface soils
from Berth 16. TPH and semivolatiles concentrations correlated well for the subsurface soil samples.
Residual fuel oil and No. 2 diesel fuel oil were identified by fluorescence. No PCBs were detected but
pesticides were detected at low levels and dioxin was detected at one location. Elevated levels of inorganics
were detected in soil samples from all the soil borings from Berth 16. Volatiles were detected at low
concentrations in the two sediment samples from Berth 16. Semivolatiles and TPH were detected at
moderate to elevated levels, but no pesticides or PCBs were detected. No. 6 fuel oil was identified as the
oil present. Several inorganics were detected above background levels. Volatiles and semivolatiles were
detected in low concentrations in the groundwater samples from Berth 16. No TPH, pesticides, or PCBs

were detected. No. 4 or No. 6 fuel oil was identified as the oil present in the groundwater.

The report recommended remedial investigations be conducted at the two sites.

1.2.3.18 Supplemental Site Investigation for Area A Landfill (March 1995)

Atlantic conducted a supplemental site investigation of the Area A Landfill to fill data gaps of the Phase | RI
(Atlantic, 1992) and to prepare a FFS and remedial design for the site. The investigation results are included
in this Phase II Rl report as well as the Area A Landfill FFS. Twenty-four borings were installed at the

bituminous concrete pad at the site. Thirteen subsurface soil samples and four bituminous concrete

samples from the borings were sent for laboratory analysis.
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The report concluded that the levels of dioxin and inorganics detected did not appear to pose a threat. TCL
VOCs, SVOCs, and pesticides were detected at elevated levels across the site. PCBs were detected at
levels below To Be Concerned Values (TBCs).

1.2.3.19 Background Soils Investigation (April 1995)

Atlantic completed background soil sampling at NSB-NLON in April 1993. The background investigation was

conducted to characterize the concentrations of naturally-occurring inorganics and anthropogenic

compounds (organics) to support site data evaluation and risk assessment. The background information -

and statistical analysis procedures are discussed in the report, and the final results are listed in Table 1-2.
No volatile or semivolatile compounds were detected in the background samples. The results of the
background study have been used in this Phase Il Rl and are discussed in Section 3.3.1.

1.2.3.20 OT10, Building 325, and Building B-89 UST Site Characterization (April 1995)

HNUS conducted site investigations at OT-10, Building 325, and Building 89 in June and November 1994

to determine if the USTs at these sites had impacted the surrounding soil and groundwater.

In June 1994 M&G Associates removed tank Z01 located at Building 89. Three soil samples and one
groundwater sample were collected from the tank grave. Eight monitoring wells were installed at Oil Tank 10
{OT-10) in November 1994. Eighteen soil samples were collected during the well installations. Eight
groundwater samples were then collected from the installed monitoring wells. One wastewater sample and
one waste oil sample were collected from OT-10 for content determination. Seven soil borings were drilled
at Building 325 in November 1994. Eleven soil samples were collected from the soil borings. Of the seven
soil borings, four borings were converted to monitoring wells. Four groundwater samples were collected

from these wells.

At OT-10, toluene, ethylbenzene, xylenes, pyrene, 4,4’-DDE, lead, and other inorganics were detected in soil
samples. Xylene, di-n-butyiphthalate, lead, and other inorganics were detected in groundwater samples from
OT-10. Xylenes, petroleum hydrocarbons, and inorganics were detected in soil samples from B-325. Only
xylene was detected in the groundwater of B-325. Benzene, toluene, ethylbenzene, xylenes, semivolatiles,
and TPH were detected in the soils at B-89.

All detections from the OT-10 and B-325 sites were below Connecticut Department of Environmental
Protection (CTDEP) industrial cleanup standards, but some exceeded residential cleanup standards. No

funther action was recommended for OT-10 and groundwater monitoring was suggested for B-325.

D-01-95-10 1-14 CTO 129

¢



Revision 1
March 1997

Subsequentty, the Navy decided to remediate the petroleum contamination at B-325 instead of gréundwater
monitoring. Remediation has been completed at this time and a final version of the report is forth coming
which summarizes the remedial actions. At B-89 the detections in the soil samples were below CTDEP
cleanup standards. The reported concluded that the groundwater at B-89 had been impacted by petroleum
related to the tank, but it recommended no further action because the area was being investigated under
the Phase Il RI.

1.2.3.21 Preliminary Assessment/Supplement to Initial Assessment Study (1995)

Naval Facilities Engineering Service Center (NFESC) prepared a supplement to the Initial Assessment Study
(SIAS) to identify assess possible environmental contamination that may have occurred since the initial
assessment study, conducted in March 1983. Of the 13 sites studied for the SIAS, only the DRMO, Area
A Downstream and Torpedo Shops were Phase Il Rl sites. NFESC reviewed relevant documents and
interviewed site personnel for the SIAS.

1.2.3.22 Geotechnical Field investigation for Area A Landfill (May 1995)

In February 1995 HNUS conducted field investigations at the Area A Landfill in support of the remedial
design for a landfill cover system. Eight test borings were drilled to determine the depth of bedrock and
the extent of landfill material. Three soil samples from the test borings were collected for chemical analysis.
Six soil samples were also collected from the test borings for engineering parameters. Twenty test pits were
excavated to determine the type and extent of landfill material and, along the southern boundary, the depth

and competence of bedrock.

The results of the geotechnical field investigation were used in the remedial design of a cap for the Area A
Landfill. The chemical analytical results from this investigation indicated that the subsurface soils east of

the Area A Landfill were essentially non-contaminated.
1.2.3.23 Quay Wall Removal Site Evaluation (May 1995)

HNUS prepared the Quay Wall Removal Site Evaluation to summarize removal actions performed in
November and December 1994 to remedy petroleum product releases that occurred along the Quay Wall
of the Lower Subase. Five monitoring/product wells were installed in five of six soil borings drilled along
Albacore Road. Five subsurface soil samples and one oil/sludge sample were collected. Lead was
identified as the only chemical of concern, and the Removal Site Evaluation recommended that no further

removal actions be performed at that time but that further site investigations were needed.
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1.2.3.24 Area A Landfill/Wetland Interface Sampling (May 1995)

HNUS conducted sampling activities along the Area A Landfill/Wetlands interface in November 1994 to
supplement the FFS for the Area A Landfill. Sediment/soil samples were collected from 20 locations along
10 transects across the Area A Wetlands/Landfill interface.

Volatile and semivolatile compounds, pesticides, and low-level concentrations of inorganics were detected

in various samples. One PCB compound was detected.

1.2.3.25 Focused Feasibility Study for Area A Landfill (May 1995)

In May 1995 Atlantic prepared a FFS for the Area A Landfill to evaluate and select remedial actions for
mitigation of risks to human health and environment associated with contaminated soils at the site. The
study included the identification and screening of remedial technologies, the development and screening
of remedial alternatives, remedial alternative analysis, and the comparative analysis of remedial alternatives.
Data from the Phase | RI (Atlantic , 1992), the Supplemental Site investigation for Area A Landfill (Atlantic,
1995), and the Area A Landfill/Wetlands interface sampling by HNUS (1995) were used in support of this
FFS. In addition, twenty-three geotechnical borings were drilled by Atlantic for the FFS.

Atlantic selected four remedial alternatives as viable remedial options: no action, installation of a cap, off-site
RCRA landfill of contaminated material, and off-site incineration of contaminated material. From the
comparative analysis of the remedial alternatives, Atlantic recommended the off-site landfill and off-site

incineration as the superior remedial alternatives for overall protection of human health and the environment.

The Navy has decided to implement the installation of a cap over the landfill alternative. BRE is finalizing

the remedial design and groundwater modeling reports for the cap.

1.2.3.26 Interim Remedial Action at DRMO (September, 1995)

Based on the Focused Feasibility Study for DRMO (Atiantic, March 1994) (Section 1.2.3.9), the Navy initiated
an Interim Remedial Action at DRMO, Site 6, in 1994 with the off-site landfilling of contaminated soils and
the installation of a cap. OHM Remediation Services Corporation was contracted by the Navy to perform
the remedial tasks. These tasks included the removal and disposal of bituminous concrete, relocation of
concrete barriers, excavation and disposal of lead- and PCB-contaminated soils, filling and grading,
construction of a composite cap, installation of riprap, and installation of stormwater controls, including the

installation of a drainage swale, site restoration work, and incidental work. Approximately 4,500 tons of lead-
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contaminated soil and 200 tons of PCB-contaminated soil were disposed off-site at RCRA and TSCA landfills,
respectively. In addition, approximately ten pounds of asbestos were disposed off-site. One hundred ninety
cubic yards of non-hazardous bituminous concrete and 160 tons of scrap metal were sent off-site for
recycling. Confirmatory samples were collected to determine the limit of excavation. After completion of the
excavation of the contaminated soils, a composite cap approximately 43,000 square foot in area was

installed over the DRMO with appropriate drainage controls. The work was completed with site restoration.
1.2.3.27 Soil Remediation at Spent Acid and Disposal Area (September, 1995)

Based on the Focused Feasibilty Study for Spent Acid and Disposal Area (Atlantic, March 1994)
(Section 1.2.3.10), the Navy initiated an Interim Remedial Action at the Spent Acid and Disposal Area,
Site 15, in 1995 with the off-site landfilling of contaminated pavement, soils, tank materials, and tank
contents. OHM Remediation Services Corporation was contracted by the Navy to perform the remedial
tasks stated above and site restoration. Approximately 318 tons of contaminated material was properly
disposed off-site, and the site was restored to operation.

1.2.3.28 Sampling Activities at Goss Cove Landfill and Nautilus Museum (October 1995)

The Navy initiated additional sampling at the Goss Cove Landfill and Nautilus Memorial Museum (Site 8)
because of public concern for the possible unacceptable risks at the site reported in the Draft Phase !l Rl
report. The additional sampling was conducted by BRE in July 1995 and consisted of the collection of four
soil samples and two rounds of air sampling within and outside the museum. The letter report concluded

“that no unacceptable risks associated with exposure to the air or soil at Goss Cove exist.
1.2.3.29 Groundwater/Leachate Modeling Study for Area A Landfill Remedial Design (October 1996)

BRE conducted a Groundwater/Leachate Modeling Study for Area A Landfill Remedial Design to predict the
impact of the proposed cover system on the saturated fill material, to compare slope stability effectiveness
and cost, to predict the impact of the cover system on flow and composition of groundwater/leachate
discharging from the landfill into the Area A Wetlands with and without a toe drain system. Ten infiltration
tests were performed for this study. In addition, thiteen overburden and three bedrock monitoring wells,
ten temporary piezometers, and eight staff gauges were installed. Eight soil samples were collected from
the overburden monitoring wells and analyzed for geotechnical parameters. Slug tests were performed at
eighteen wells and a synoptic round of water levels were conducted for hydrogeologic data. One seep
sample was collected from the groundwater seep at OBDA pond and analyzed for volatile and semivolatile

organics., pesticides, PCBs, and inorganics. One semivolatile compound (butylbenzylphthalate at 0.5J ug/L)
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and six inorganics (calcium at 22,400 ug/L; iron at 2,760 nug/L; magnesium at 8,660 ug/L; manganese at

605 ug/L; potassium at 5,020 ug/L; and sodium at 46,800 ug/L) were detected in the seep sample.

Based on the results of the study, it was concluded that the Area A Landfill cover system will reduce the
water table elevation below the landfill, provide acceptable stability, reduce contaminant migration from the
unsaturated zone to the saturated zone by 97 percent, and reduce mass flux of contaminants of concern
from the landfill to the Area A Wetland by 16 to 55 percent. In addition, it was concluded that the main
mechanism for groundwater/leachate movement from the landfill to the wetland was lateral groundwater flow
at the southern edge of the landfill. The report recommended not to modify the existing cover system
design by adding a toe drain system.

1.2.3.30 Area A Landfill Design Analysis (December 1996)

BRE prepared an interim remedial design for the Area A Landfill. It included only a containment (capping) -

action. The interim remedial action is intended to mitigate contamination releases from the Area A Landfill
and to prevent human exposure to the releases. The design was based on the previous Atlantic and HNUS

studies.

Based on the design analysis, the report concluded the cap would provide sufficlent stability and prevent
groundwater infiltration.

1.2.3.31 Area A East End Investigation (December 1996)

BRE conducted an Area A East End Investigation to determine if landfill material existed below the Area A
recreational facilities. A review of aerial photographs and base records and interviews with NSB-NLON
personnel were conducted for the investigation. In addition, three soil borings were drilled around the tennis
courts and six test trenches were excavated along the proposed eastern boundary of the Area A Landfill cap
system. Six soil samples were collected from the soil borings and four soil samples were collected from
four test trenches. All samples were analyzed for volatile and semivolaitle organic compounds, total

petroleum hydrocarbons, pesticides, PCBs, inorganics and cyanide.
Few volatile or semivolatile organics and inorganics were detected in the soil samples and were below

CTDEP cleanup criteria. The report recommended not to extend the Area A Landfill remedial design of a
multimedia cap system to include the Area A East End.
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1.2.3.32 Focused Feasibility Study for the Area A Downstream / OBDA (December 1996)

In December 1996, BRE revisited the focused feasibility study for the Area A Downstream / OBDA which
was originally prepared by Atlantic in 1994. The revised focused feasibility study addressed pesticide
contamination in soils and sediment and evaluated potential remedial alternatives including; no action,
removal of the OBDA and capping with institution controls, removal of the OBDA and excavation and offsite
disposal of soils and sediment, and removal of the OBDA and excavation and onsite treatment of soil and
sediment. The FS recommended that additional soil and sediment sampling be performed to select the most
desirable remedial alternative for the site. After collection and evaluation of the data, a remedial alternative
will be selected and documented in the record of decision for the site.

1.2.3.33 Functions and Values Assessment of the Area A Downstream (December 1996)

A functions and Values assessment of the Area A Downstream was performed by a subcontractor to BRE
to support evaluation requirements of the Area A Downstream / OBDA focused feasibility study. The
vegetative habitat of the Area A downstream watercourses were evaluated and the report concluded that
based on the vegetation present, no adverse effects resulting from contamination were evident. The report
further conciuded that disturbance of the lower pond be minimized, since this water body has been

impacted the least by human activity.
1.2.3.34 Tank Farm Site Investigation (February 1997)

BRE conducted an investigation from September to November 1995 of the UST farm along Crystal Lake
Road. The primary objectives of the investigation were to define the extent of soil and groundwater
contamination from the UST farm, evaluate the impact of the UST farm on the stormwater discharge, and
recommend remedial alternatives, if needed. The investigation included subsurface geophysical surveys,
soil boring and monitoring well installations, investigation of underground pipelines, sediment sampling, and
surface water sampling. The report recommended remedial action at 5 of the UST sites, no further action

at 6 of the UST sites, and further characterization at 2 of the UST sites.
1.2.3.35 Feasibility Study for the DRMO (February 1997)
BRE has prepared a feasibility study for the DRMO to address contamination in soil and groundwater. The

feasibility study evaluated no action; Institutional controls and monitoring; excavation, offsite disposal,

institution controls and monitoring; and excavation, ex situ treatment, and offsite disposal. The FS also
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recommended that groundwater monitoring would be required to evaluate potential impacts. A remedial

alternative will be selected and documented in the Record of Decision for the site.
1.2.3.36 Site Management Plan (February 1997)
BRE has developed the Site Management Plan for the NSB-NLON to be used as a tool to prioritize and rank

sites for action. The Navy's relative risk ranking procedure was used to assign ranks of high, medium, and

low to each site. Schedules for implementation of work were also included in the Site Management Plan.

Future work activities will be conducted in accordance with the priority and schedules included in the plan. -

1.2.3.37 Data Gap investigation report for the Goss Cove Landfill (March 1997)

BRE has conducted a data gap investigation at the Goss Cove Landfill to address the source of chlorinated
compound contamination detected in the upgradient groundwater at the site. Borings and wells were
installed and soil and groundwater samples were collected during the investigation. The results of the
investigation concluded that chlorinated compounds are migrating onto the site from an upgradient, offsite,
source. The report recommended that further groundwater characterization was required to address the
contaminant source. The report also recommended that the upcoming FS for the Goss Cove should be

prepared separately from the ongoing upgradient groundwater characterization activities.
1.2.3.38 Remedial Investigation Work Plan for the Lower Subase (March 1997)

BRE has prepared a work plan for a Remedial Investigation to be conducted at the Lower Subase. The
Remedial investigation will be expanded to address those areas which were not previously evaluated in the
Phase 1l Rl as well as, those areas which were evaluated and recommended further characterization. The
Rl will include sampling of soil and groundwater, as well as surface water and sediment sampling in the
Thames River in the vicinity of the Lower Subase.

1.2.3.39  Existing Summary Report for the Lower Subase (March 1997)
BRE has also prepared a compilation of data to support the development of the Rl for the Lower Subase.

The report assembled all available data and was used to scope all work components of the Lower Subase

Rl. The report recommended further characterization of the soil, groundwater, surface water, and sediment.
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1.2.3.40 Abbreviated Field Verification Sampling activities for the Rubble Fill Area at Bﬁnker A86
{Ongoing)

The Navy is in the process of removing the Rubble Fill area at Bunker A86 to accommodate installation of
an upgradient interceptor trench, which is part of the remedial action at the Area A Landfill. Confirmation
sampling will be conducted after the removal activity to verify that contaminated materials have also been
adequately removed. A total of 14 surface soil samples are planned for collection during confirmation
sampling.

1.2.3.41 Yearly Groundwater monitoring activities at the DRMO (ongoing)

The Navy is in the process of conducting a yearly monitoring program for the DRMO to support long term
monitoring needs for the site. The program will consist of the collection groundwater samples from 10
monitoring wells on a quarterly basis, and yearly evaluation of the data to determine if long term impacts

are evident.

1.2.4 Description of the Study Areas

Thirteen sites were investigated during the course of the Phase Hl Rl. These sites included 10 of the 11 sites
investigated by Atlantic (the former gasoline station was not studied). For the purposes of the Phase Il RI,
Area A was subdivided into four areas (Area A Landfill, Area A Wetland, Area A Weapons Center, and Area A
Downstream Watercourses). The OBDA was combined with the Area A Downstream Watercourses based
on geographic proximity. Brief descriptions of the various sites studied during the Phase Il Rl are provided
in the remainder of this section.

1.2.4.1 Construction Battalion Unit Drum Storage Area - Site 1

The Construction Battalion Unit (CBU) Drum Storage Area is an unpaved area located in the northern section
of NSB-NLON adjacent to the deployed personnel parking lot and the Area A Landfill. The site is situated
on a flat, open area at the edge of a wooded hillside that slopes toward the site. The size of the site is
approximately 15 feet in width by 30 feet in length. The location of this site is provided on Drawing 1
(Volume 1ll). Additional information regarding the CBU Drum Storage Area is provided in Section 5.0.

1.2.4.2 Area A Landfill - Site 2

The Area A Landfill is located in the northeastern and north-central section of NSB-NLON and encompasses

approximately 13 acres. The depth of the landfill deposits is approximately 10 to 20 feet, based on test
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boring data generated during the Phase | and Phase !l Rls. The Area A Landfill is a relatively flat area
bordered by a steep, wooded hillside that rises to the south, a steep wooded ravine to the west and the
Area A Wetland to the north. The location of the Area A Landfill is shown on Drawing 1 (Volume Ill).

Additional information regarding the site is provided in Section 6.0.

1.2.4.3 Area A Wetland - Site 2

The Area A Wetland is adjacent to the north side of the Area A Landfill and is approximately 23.6 acres in
size. This portion of NSB-NLON was undeveloped, wooded land until the late 1950s. In the late 1950s,
dredge spoils from the Thames River were pumped to this area and contained within an earthen dike that
extends from the Area A Landfill to the south side of the Area A Weapons Center. Based on the boring logs,
the total volume of dredged material in the wetlands is approximately 1.2 million cubic yards. The location
of the Area A Wetland is shown on Drawing 1 (Volume lll). Additional information regarding the site is

provided in Section 7.0.

1.2.4.4  Area A Weapons Center - Study Area 20

The Area A Weapons Center site consists of Building 524 and weapons storage bunkers. The storage
bunker area is divided into two portions (north and south areas) which were constructed at different time
and are of different design. The site is located at the end of Triton Avenue to the north and is adjacent to
the Area A Wetland. The location of the Area A Weapons Center site is shown on Drawing 1 (Volume 1il).

Additional information regarding the site is provided in Section 8.0.

1.2.4.5 Area A Downstream Watercourses and OBDA - Site 3

The Area A Downstream Watercourses drain the Area A Landfill and Wetland and ultimately flow into the
Thames River. The Area A Downstream Watercourses include North Lake and several small ponds with
interconnected streams which discharge from Area A and the Torpedo Shops. The location of the Area A
Downstream Watercourses and the OBDA is shown on Drawing 1 (Volume Ill). Additional information

regarding the site is provided in Section 9.0.
1.2.4.6  Rubble Fill at Bunker A-86 - Site 4
Bunker A-86 is located on a gravel road off Wahoo Avenue in the north central section of NSB-NLON. The

Area A Landfill is adjacent to the site to the north, and the Subase hazardous waste storage facility is
adjacent to the site to the south. The Rubble Fill Area Is located north of the dirt road and west of the
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bunker. The site Is approximately 25 feet wide and 60 feet long. The site is on a wooded hiliside that slopes
to the north-northeast. The location of the Rubble Fill Area is shown on Drawing 1 (Volume 1il). Additional
information regarding the site is provided in Section 10.0.

1.2.4.7 Defense Reutilization and Marketing Office (DRMO) - Site 6

The DRMO is adjacent to the Thames River in the northwestern section of NSB-NLON. The DRMO is the
storage and collection facility for items to be sold at auctions and sales held periodically throughout the
year. The land is relatively flat, low-lying and prone to flooding. The southern half of the DRMO is covered
with asphalt, some of which is deteriorated. The northern portion of the DRMO was previously unpaved.
An interim remedial action was recently completed at this site and included soil removal, backfilling, and
encapsulation. The location of the DRMO site is shown on Drawing 1 (Volume Ill). Additional information
regarding the site is provided in Section 11.0.

1.2.4.8 Torpedo Shops - Site 7

The Torpedo Shops (torpedo overhaul and assembly) are located in the northern portion of NSB-NLON on
the north side of Triton Avenue. The site is bounded to the east and north by 60-foot-high bedrock cliffs.
The remainder of the site slopes to the southwest. An earthen berm extends along the base of the eastern
portion of the exposed rock face. Surface runoff from the site flows southwest to drainage swales and storm
sewers located on the south side of Buildings 325 and 450. Runoff contained by the berm, as well as the
storm sewer system, drains through culverts under Triton Avenue into the Area A Downstream Watercourses
and eventually discharges to the Thames River. The location of the Torpedo Shops is shown on Drawing 1

(Volume 1ll). Additional information regarding the site is provided in Section 12.0.
1.2.4.9  Goss Cove Landfill - Site 8

The Goss Cove Landfill is located in the southwestern portion of NSB-NLON, adjacent to the Thames River.
It is west of the intersection of Crystal Lake Road and Military Highway, east of the Thames River and north
of Goss Cove. The Nautilus Museum and a paved parking lot are constructed directly over the site of the
former landfill. The Nautilus Museum is a submarine museum operated by the Navy which is open to the
public. The location of the Goss Cove Landfill is shown on Drawing 1 (Volume Ill). Additional information
regarding the site is provided in Section 13.0.
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1,2.4.10 Lower Subase

The Lower Subase site is bounded on the west by the Thames River and to the east by the Providence and
Worcester Railroad tracks. The Lower Subase extends from and includes Building 29 (Power Plant) in the
north to Building 85 in the south. The Lower Subase is the original naval base and its use dates from 1867.
Most of the construction at the Lower Subase took place in the early 1900s with a major expansion from
1935 to 1940. Based on previous investigations, potential sources of fuel oil contamination have been
identified at the Lower Subase. The location of the Lower Subase is shown on Drawing 1 (Volume Ill).

Additional information regarding the site is provided in Section 14.0.
1.2.4.11 Over Bank Disposal Area Northeast (OBDANE) - Site 14

The OBDANE is located in a heavily wooded area on the edge of a ravine northwest of the Area A Landfill
and south of the Torpedo Shops. A dirt road provides limited access to the wooded site. A nearly vertical
20-foot-high bedrock face is located at the eastern edge of the site. The rest of the site slopes to the
southwest. Surface runoff flows to the southwest into a stream which fiows from the Area A wetland. The
location of the OBDANE is shown on Drawing 1 (Volume lll). Additional information regarding the site is
provided in Section 15.0.

1.2.4.12 Spent Acid Storage and Disposal Area (SASDA) - Site 15

The SASDA is located in the southeastern section of NSB-NLON between the southern side of Buildings 409
and 410. The site is a relatively flat area completely covered with concrete or bituminous pavement. A
catch basin and storm sewers collect surface runoff which is directed to the south and uitimately discharges
to the Thames River at Goss Cove. A soil removal action and capping were recently completed at this site.
The location of Site 15 is shown on Drawing 1 (Volume lll). Additional information regarding the site is
provided in Section 16.0.

1.2.4.13 Thames River

The Thames River is a tidal, salt-wedge estuary formed at the confluence of the Shetucket and Yantic Rivers
in Norwich, Connecticut. The river flows south approximately 16 miles to Long Island Sound. NSB-NLON
and the town of Groton are on the east bank of the river approximately 6 miles north of Long Island Sound.
The town of Groton extends from the southern boundary of NSB-NLON to Long Island Sound. The City of
New London is located on the west bank of the river. Land development along the southern portion of the

river is primarily industrial. Chemical companies, oil terminals, power plants, and waste water treatment
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plants occupy both banks of the river. The location of the Thames River is shown on Drawing 1 (Volume Ill).
Additional information regarding the Thames River is provided in Section 17.0.

1.3 REPORT ORGANIZATION

This Phase |l Rl Report has been organized with the intent of: (1) meeting the general format requirements
specified in the October 1988 RI/FS guidance document (USEPA, October 1988) and (2) summarizing the
results of the Rl for the 13 separate sites in a cohesive and comprehensive manner. According to the RI/FS
guidance document, a Remedial Investigation (RI) report should typically consist of seven separate sections,
including an introduction, a summary of the site investigation, a description of the site physical conditions,
a summary of the nature and extent of contamination, a contaminant fate and transport analysis, a baseline

risk assessment, and summary and conclusions.

While this format is appropriate for a site consisting of a limited number of operable units or individual study
areas, it is not particularly well suited for an Rl report addressing 13 separate, noncontiguous sites or areas.
Therefore, this Rl report has been structured such that some continuity exists for each of the individual sites
or areas. Specifically, some sections provide general information that is common to all of the sites, while

others present information relevant only for a specific site.

Section 1.0, Introduction, summarizes the purpose of the report, provides general base background
information, summarizes previous investigations, and provides the report outline. Section 2.0, Study Area
Investigations, provides a summary of investigative procedures (e.g., soil sampling and analysis, groundwater
sampling and analysis, water level measurement, characterization of hydrogeologic characteristics, surface
water and sediment sampling procedures and analytical methods, etc.) that are common to each of the

thirteen study areas.

While Sections 1.0 and 2.0 are generally consistent with the format required by the RI/FS guidance
document, Section 3.0, General Data Evaluation Procedures, is an additional section that deals with data
analysis and interpretation methods that are common to all of the sites. Section 3.0 includes a discussion
of data validation procedures, general contaminant fate and transport characteristics (e.g., chemical and
physical properties, persistence, and environmental mobility), and human health and the environmental risk
assessment components such as data evaluation, toxicity assessment, exposure assessment, etc. that are
used repeatedly for each of the eleven sites. The inclusion of this information in one stand-alone section
is designed to eliminate repetition of such general procedures throughout the body of the report and to

maintain continuity for the individual sites discussed in subsequent sections.
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Section 4.0, General Physical Characteristics of NSB-NLON, conforms to the typical Section 3.0 of an Rl
report. However, this section is macroscopic in nature in that it addresses basewide features such as
topography, climate and meteorology, hydrology, geology, etc. Additional, site-specific discussions of these

physical characteristics are provided in study area-specific sections of the report.

Sections 5.0 through 17.0 focus on site-specific studies and include detailed information regarding each of
the individual sites. These sections of the report are designed to be site-specific, stand-alone sections in

that they include a description of the site, a summary of the site-specific field investigation, a description of

site-specific physical characteristics, nature and extent of contamination, site-specific contaminant fate and -

transport, a baseline human health and ecological risk assessment, and individual summary and conclusions.
Section 18.0 includes an overall summary, conclusions, and recommendations for all of the sites. All full-size

drawings are included in Volume Il of this report. Supplemental information for this report is included in

Appendices A through | in Volumes IV through XIlI.
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TABLE 1-1

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

Analytical
Media Number of Analytical Historical Data
Report Area Investigated Associated Phase Il Rl Site Investigated ARnalytical parsmeters Summary of Findings Reco ations Included in
Samples mmend
the Database
NESO 1-026 Building 29 (Power Lower Subase, Site 11 | Soil 38 Oil/Grease Source of Inspection of tanks No
"Qil Contamination of | Plant Qil Tanks, Area 1) Groundwater 16 contamination at Site 11 | and storm sewers
Groundwater is the heated day and repair as
At Subase New storage tank and the necessary
London, CT" reclamation tank behind
Naval Environmental the power plant
?ug port 01‘:“:1897 9 Building 107/345 (Oil Lower Subase, Site 10 Site 10 poses no Monitor adjacent
ebruary 11, Storage Tanks, Area 2) environmental threat well regularly
Building 79 (Waste Qil | Lower Subase, Site 13 Site 13 contaminated Install well system to
Pit, Area 3) with oil originating from | remove oil from the
abandoned exfiltration | soil
well or basin
Final nitial CBU Drum Storage CBU.Drum Storage Visual None [ NA Low potential for No further action NA
Assessment Study of | Area, Site 1 Area, Site 1 investigation contributing

Naval Submarine Base
New London, CT
NEESA 13-025
Envirodyne Engineers,
Inc.

March, 1983

Goss Cove Landfill,

Goss Cove Landfilf,

Site 8 Site 8
Building 79 Waste Oil Building 79 Waste QOil
Pit, Site 13 Pit, Site 13

Spent and Storage and
Disposal Area, Site 15

Spent and Storage
and Disposal Area,
Site 15

Area A Landfill Site 2

Area A Landfill Site 2

Overbank Disposal

Area A Downstream

Area, Site 3 Watercourses and
OBDA, Site 3

Rubbie Fill at Bunker Rubble Fill at Bunker

A-86, Site 4 A-86, Site 4

DPDO Area, Site 6

DRMO Area, Site 6

and research
of site history

contaminants to the
environment because

source of contamination

has been removed, or
site is no longer in use

Source of
contamination still
present and potentially
releasing contaminants
to the environment

Sample surface
water and sediment

Sample surface
water and sediment

Post no dumping
signs

Drill soil borings
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

Subase Naval
Submarine Base - New
London, Groton,
Connecticut

Wehran Engineering
Corporation,
November 1987

Building 107 /345 Oil
Storage Tanks (Area 2)

Lower Subase, Site 10

Building 79 (Waste Qil
Pit, Area 3)

Lower Subase, Site 13

area;

¢ Manholes and
groundwater in the
vicinity of Building
29 and 345
contaminated with
#6 and #5 fuel oil

® Manbholes, soils, and
groundwater in the
vicinity of
Building 79
contaminated with
#6 fuel oil

o Utility trench from
Building #85 to #78
contaminated with
#6 fuel oil

Additional study of
oil distribution in
Building 29

Mopping sludge oil
and excavation of
oil-laden soils

Inspection of the #6
fuel oil line and
cleaning of trench

Number of Rnalytical
. . . Media . Analytical . Historical Data
Repart Area Investigated Associated Phase Il Rl Site Investigated A::Ivt:::l parameters Summary of Findings Recommendations Included in
mp! the Database
Final Initial Fuel Oil Storage Tanks, | Lower Subase, Site 10 Monitor level of oil
Assessment Study Site 10 in tanks to see if
(Continued) leaking
Power Plant Oil Tanks | Lower Subase, Site 11 Replace tanks,
Site 11 implement oil
recovery
Overbank Disposal Area | Overbank Disposal Post no dumping
Northeast, Site 14 Area Northeast, Site 14 signs
Final Site Investigation | Building 29 (Power Lower Subase, Site 11 | Soil 10 Oil/PCBs Soluble constituents of No
Subsurface Oil Plant Oil Tanks, Area 1) Sludge 9 oil are present
Contamination - Lower Groundwater 7 throughout the study

(
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

01-S6-10-Q

6¢-1

62l 010

. Number of ) o Analytical
Report Area Investigated Associated Phase Il Rl Sita Inv'n“s:idg::t o Asnalvt:cal p:'r'::"':'z:i Summary of Findings mﬂm;‘:::im lmm N
amples the Databass
Final Verification Step | Area A Landfill and Area A downstream Surface Water 18 voci The soils of DPDO and | Site Characterization No
1A Study OBDA water courses OBDA, | Sediment 18 BNA surface waters and Step 1B Study,
Naval Submarine Base Site 3 Pest/PCB sediments of Area A hydrogeological
- New London, Wehran Area A Wetland, Site 2 Metals have levels of investigation, should
Engineering Area A Landfili, Site 2 contaminants be performed for
Corporation - . hazardous to public both locations
February 1988 DPDO DRMO, Site 6 Soil 8 health and the
environment
North Lake Water North Lake Within the Area A Surface Water 2 Pest/PCBs, o Sporadic detections | NA Selected
Quality Measurements downstream Soil/Beach cyanide, of various metals in Samples
1988-1993 watercourses, Site 3 Sand 30 halogenated the beach sand
volatile organics, | ® Intermittent low-
metals, aromatic level detection of
volatile organics, volatiles in surface
phthalate esters, water
EP toxicity o No detections of
pesticides or PCBs
Data Report - Future site of the DRMO, Site 8 Soil 3 Priority pollutant | @ Most inorganics Not given No
Additional Borings conforming storage Composite | Metals analyzed were
Conforming Storage facility, located within EP Toxicity detected
Facility, Groton, CT the DRMO area TCLP Metals® | e 7 of 13 metals were
Prepared for Donohue detected above the
and Associates, Inc. minimum detection
Prepared by Goldberg- limit for the TCLP
Zoino & Associates, metals analysis
Inc. e 8 of 8 metals were
August 1989 detected above the
minimum detection
limit for the EP TOX
metals analysis
e Acetone, methylene
chloride, 4-methyl-2-
pentanone detected
for TCLP VOC
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

September 1989

monitoring wetlls
Volatile aromatics
found in 4
groundwater
monitoring wells

. Number of . o Analytical
Report Area Investigated Associated Phase Il Rl Site Inv:“s:;::t od Analytical p:':::::::l' Summary of Findings Rec:rll.::\:x::ions IncII:::d in
Samples the Database
Data Report 4 Grab TCLP VOCs Carbon disulfide
(Continued) 3 and pyridene were
Composite detected once in

two different

samples

Acetone, methylene

chloride, and 4-

methyl-2-pentanone

were detected in the

same concentration

range as the lab

blank
Hydrogeoiogic Upper Base Fuel Farm | None Soil 4 Volatile Impacts have With data available No
Investigation OT-4, OT-7, OT-8, OT-9 Groundwater 12 aromatics, occurred as a result | cannot determine if
Underground Storage Petroleum Scan of petroleum tanks are leaking or
Tanks OT-4, OT-7, (Coast Guard handling at the site | the associated
OT-8, OT-9, and 54-H Method) No. 2 fuel oil piping and
U.S. Naval Submarine detected in soil OT- | appurtenances
Base New London 4
Groton, Connecticut [} qwer Base Lower Base, Site 10 | Groundwater 4 No. 2 fuel oil found
Fuss & O'Neill, Inc. Tank 54-H in 10 groundwater

‘;ﬁ.‘ |
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT
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62l 010

Number of Analyticai
. . " Media . Analytical T Historical Data
Report Area Investigated Associated Phase Il Rl Site Investigated Analytical parameters Summary of Findings Recommendations Included in
Samples
the Databass
Multi-media Inspection, | Various locations for air | Torpedo Shops, Site 7 | Spray paints 3 vOC NSB-NLON in violation | None No
Naval Submarine inspection Lower Subase Varnish 1 of CTDEP metal parts
Base-New London, and products
Groton, Connecticut regulations
}:SEP':" BR:%':: L Various locations for Lower Subase None NA NA Various PCB spills and | Correct problems NA
ugust 8, TSCA inspection storage problems
Various locations for Torpedo shops, Site 7 | None NA NA Various deficiencies in Correct problems NA
RCRA inspection Lower Subase container storage area,
inspections,
documentation, waste
manifests, contingency
plan, and spill
prevention, control, and
counter measures
Various locations for DRMO, Site 6 Lower Sediment 3 Unknown Results pending To be provided No
Clean Water Action Subase
inspection
Surface water 1 Unknown
Industrial/ 2 VOC metals
sanitary
discharge
Phase | Remedial CBU Drum Storage, CBU Drum Storage, Soil 242 TCL VOC Low conc., do not Perform a Yes
Investigation Naval Site 1 Site 1 Sediment TCL svoch cause risk to health or | supplemental Step |
Submarine Base New Groundwater TCL Pest environment investigation
London Surface Water TCL PCB
Atlantic Environmental TAL Metals
Services, Inc. Rubble Fill at Rubble Fill at Bunker Gross Alpha Potential health risks | Proceed to Step Il of
August 1992 Bunker A-86, Site 4 A-86, Site 4 Gross Beta the IR Program
Full TCLP
TPH®
TSS
Torpedo Shops, Site 7 | Torpedo Shops, Site 7 Heaith risks negligible. | Proceed to Step i of
No significant the IR Program
ecological risks
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

OBDANE, Site 14

OBDANE, Site 14

Spent Acid Storage
Area, Site 15

Spent Acid Storage
Area, Site 15

Former Gasoline Station
at Dealy Center

Not Investigated

Area A, Site 2

Area A, Downstream
Watercourses, Site 3,
Landfill, Site 2,
Weapons Center,
Site 20, Wetland,
Site 2

OBDA, Site 3

Area A, Downstream
Watercourses, Site 3

DRMO, Site 6

DRMO, Site 6

Lower Subase, Site 13

Lower Subase

Analytical
Media Number of Analytical Historical Data
Raport Area Investigated Associated Phass [l RI Site Investigatad Asnalvt:::l parameters Summary of Findings Recommendations Included in
amp! the Databasa
Phase | Remedial Goss Cove Landfill, Goss Cove Landfill, Bird/Frog Potential risk to Proceed to Step | of
investigation Site 8 Site 8 Livers construction workers the IR Program
(Continued)

Negligible risk

Perform a

supplemental Step |

investigation

Risk to construction
worker could be
unacceptable

Proceed to Step Il of

the IR program

[ No risks identified
‘| based on available data

Do not proceed with
Step ll, remove UST

and perform

corrective actions as

necessary in
accordance with
UST regulations

Several exposure
scenarios exceed
acceptable level

Proceed to
Feasibility Study
Phase

Proceed to
Feasibility Study
Phase

Concentrations in
groundwater below
water quality criteria

Proceed to
Feasibility Study
Phase

Groundwater exceeds
drinking water
standards

Proceed to
Feasibility Study
Phase

(
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

R

detected above
background,
predominantly lead

Madi Number of Analviical o Analytical
Report Area Investigated Assaciated Phase Il Rl Site Invasti;;:t o | Anatytica p“":n"":'t‘:s Summary of Findings nmm:::lim Iml?:i:l o
- Samples
the Database

Draft Focused DRMO, Site 6 DRMO, Site 6 Soil 23 TCL VOC TCE®, 1,2-DCA”, |e Offsite landfill Yes
Feasibility Study TCL SVOC and toluene TBC® provides
Defense Reutilization TCL Pest values were superior
Marketing Office TCL PCB exceeded protection of the
Installation Restoration TAL Metals SVOCs environment
Program TCLP VOC predominantly e Provides
Naval Submarine Base TCLP SVOC PAHs, were permanent
- New London TCLP Metals detected across the solution to
Groton, Connecticut TCLP Pest site source area
Atlantic Environmental Dioxin PCBs were detected
Services, Inc. in nearly all borings
March 25, 1994 Pesticides were

detected at many

locations primarily

at low

concentrations,

however several

were detected at

high concentrations

Most inorganics

detected at elevated

concentrations,

however, lead was

of primary concern
Draft Focused Spent Acid Storage and | Spent Acid Storage Soil 6 TCL VvOC No VOCs were o Offsite landfill Yes
Feasibility Study Disposal Area and Disposal Area TCL SVOC detected provides
Spent Acid Storage Site 15 TCL Pest SVOGCs, superior
Facility TCL PCB predominantly protection of the
Installation Restoration TAL Metals PAHSs, detected environment, is
Program TCLP VOC across the site easiest to
Naval Submarine TCLP SVOC PCBs detected at implement, and
Base - New London TCLP Metals one location at low- is most cost-
Groton, Connecticut TCLP Pest levels effective
Atlantic Environmental Pesticides detected
Services, Inc. at low levels
March 29, 1994 Several inorganics
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SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT
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Report

Area Investigated

Assaciated Phase Il Rl Site

Media
Investigated

Number of
Analytical
Samples

Analytical
parameters

Summary of Findings

Historical
Recommendations

Analytical
Data
Included in
the Database

Draft Focused
Feasibility Study

Area A Downstream/
OBDA

Installation Restoration
Program

Naval Submarine Base
- New London

Groton, Connecticut
Atlantic Environmental
Services, Inc.

April 5, 1994

Area A
Downstream/OBDA

Area A
Downstream/OBDA

Surface Soil
Sediment

Biocaccumula-
tion In Native
Soil
Invertebrate

Insitu Bioassay
of Earth
Worms

Laboratory
Earthworm
Bioassay with
Sediment

18

60

5

18

TCL VOC
TCL SVOC
TCL Pest
TAL Metals
TCL PCB
Fult TCLP

TCL Pest

NA

NA

DDTR detected in all
of the soil samples.
VOC and SVOCs
were not detected in
the sediments
Pesticides were
detected in all of the
15 sediment samples
No PCBs were
detected in
sediments

Levels of organics
are above
background in
several locations
Lower pond and the
eastern end of OBDA
pond exhibits high
toxicity to
invertebrate

Upper pond and the
western end of OBDA
pond exhibit
moderate to high
toxicity to
invertebrate

Rest of areas studied
exhibit low to
moderate toxicity and
support invertebrates

Offsite landfill
and onsite
thermal
desorption
provide superior
protection of
environment
Offsite landfill
slightly more cost
effective

Yes

(
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

Department of the
Navy, Commander-In-
Chief, U.S. Atlantic
Fleet, Norfolk, Virginia,
Prepared by: Maguire
Group Inc.

September 1994

detected in low levels
in upper sediment
strata

® Mercury and nickel
exceeded marine
USEPA water quality
criteria

species

. Number of . - Analytical
Report Area Investigated Assaciated Phass 1 Rl Site Invn:;::t o Analytical p‘:’::x"':" Summary of Findings nmmﬁ::lim mi';: o
Samples
the Database
Oft-site residential well | Off-site residential water | None Groundwater 175 TCLVOC e Organic compounds | Preliminary Yes
water Data Evaluation |wells TCL SVOC were only detected conclusion that
Report, Installation TCL Pest/PCB during first round of | off-site residential
Restoration Program, TAL Inorganics sampling water welis not
Naval Submarine Boron o Several instances of | being impacted by
Base - New London, Cyanide elevated levels of NSB-NLON
Groton, Connecticut, Chiloride inorganics detected
Atlantic Environmental
Services, Inc., July
1994
Environmental Pier 15 None Sediment 24 Metals e Higher The proposed action No
Assessment for Pier 17 PAHs concentrations of will have short-term
Replacement._ Pier 17 Surface Water 3 Elutriate test metals anq PAHS in ef‘fects on Tham.e S
Naval Submarine Base upper sediment River water quality,
New London, Groton strata than lower no effects on
Connecticut, Fish and 5 TOXiCity test and strata navigation' and
Prepared for: Benthic Taxonomy study minimal effects on
Species ® Pesticides and PCBs | fish and benthic
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT
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. Number of . - Aralytical
Report Arsa Investigated Assaciatad Phase Il RI Site Inv::z:‘ o | Anatytical p:’:::"":'t:‘::: Summary of Findings nm'::::::t'im 'ml';;: o
Samples
the Datahass

Final Post-Removal Building 31 Lower Subase, Site 17 | Excavation 57 Total Lead The final sample results | No further No
Action Report for Soil Samples showed that the walls of | excavation was
Building 31 Lead the excavation were no | required for most
Remediation Solidified Soil 54 TCLP Lead longer contaminated or | areas of site.
Naval Submarine Base Samples the excavation reached | Navy to defer
- New London the mean low tide continued
Groton, Connecticut Wipe Samples 27 Total Lead elevation (maximum remediation at
Halliburton NUS excavation depth). Albacore Road
Corporation Albacore Road could
January, 1995 not be completely

excavated due to

operational concerns of

the Base. The sampled

concrete surfaces were

either not contaminated

or were adequately

decontaminated
Federal Facilities Numerous sites None None None None Regulatory tool for NA
Agresment under implementation of
CERCLA, Naval IR work
Submarine Base New
London, Connecticut
January 11, 1995

(

(
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

Services, Inc.
March 1995

Medi Number of Analvtical " I An;ly!ical
. \ . ia . ytica . g istorica ata
Report Area Investigated Associated Phase 1l Rl Site Investigated Analytical parameters Summary of Findings Recommendations included in
Samples
the Database

Final Site Inspection Pier 33 and Berth 16/ Portions of the Pier 33 | Soil 43 TAL/TCL e VOCs concentrations | Remedial No
Report Former Incinerator Study Areas is located | Sediment 4 Parameters detected in the soils | investigation is
Pier 33 and Berth Groundwater 9 TPH are not considered to | recommended for
16/Former Incinerator Berth 16 is not located TCLP Metals be significant both Pier 33 and
Installation Restoration in the formal Dioxin o Elevated Berth 16
Study boundaries of the concentrations of
Naval Submarine Base Lower Subase site TPH were detected
- New London used in the RI, o No significant
Groton, Connecticut however, Berth 16 is concentrations of
Atlantic Environmental proximate to Site 13 pesticides or PCBs
Services, Inc. were detected
February, 1995 o Groundwater quality

at the site is

generally good and

does not exceed

ARARs except for

lead in one well

o Dioxin was detected

in one location
Draft Final Area A Landfill Area A Landfill, Site 2 | Soil 13 TCL VOC e Dioxin detected in ¢ Dioxin considered Yes
Supplemental Site TCLP VOC borings below tonotbe a '
Investigation Bituminous 4 TCL SVOC screening level chemical of
Area A Landfill Concrete TCLP SVOC e Inorganic detections concern
Installation Restoration TCL Pest above background e Inorganics do not
Program TCLP Metals o Pesticides, VOCs and appear to be a
Naval Submarine Base TCL PCB SVOCs detected concern at the
- New London TCLP Pest across site site
Groton, connecticut TAL Metals
Atlantic Environmental Dioxin
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT
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621 010

Analytical
. . . Media Nlmbo.r of Analytical - Historical Data
Report Area Investigated Rssociated Phase Il R Site Investigated Analytical parameters Summary of Findings Recommendations Included in
Samples the Databasa
Background Undisturbed Areas of None Soil 18 TCLVOC o All site-derived Background levels Yes
Concentrations of NSB-NLON TCL SVOC background levels of inorganics were
Inorganics in Soll TCL Pest/PCB are within the ranges | established to
Naval Submarine Base TAL Metals published by the screen site analytical
- New London Cyanide USGS for data to identify
Groton, Connecticut Boron background levels for | areas where
Atlantic Environmental the eastern United releases of
Services, Inc. States pollutants may have
Aprit, 1995 e Based on the organic | occurred
compounds detected,
it is concluded that
all samples locations
are representative of
native background
conditions
Site Characterization 0T-10 None Soil 12 TPH, BTEX TPH does not exceed No further action Building
Report for OT-10, Groundwater 8 TAL/TCL CTDEP industrial 325 data
Building 325, and Parameters cleanup standards. only
Building 89 Generally iow level
Naval Submarine Base detections of other
- New London contaminants are
Groton, Connecticut typical of site wide
Halliburton NUS conditions and may not
Corporation be associated with the
April 1995 tanks in question
Building 325, Tanks Torpedo Shops, Site 7 | Soil 11 BTEX, TPH There is possible Sail recently
RO1R1 and R02 Groundwater 4 petroleum related removed.
contamination in the No further action.
soils surrounding these
tanks. The groundwater
detection was below
state industrial cleanup
standards

¢
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

PA-13-025A-ENV
Supplement to Initial
Assessment Study
NEESA 13-025

Naval Submarine Base
New London

Groton, Connecticut
April, 1995

Building 450 OTTO Fuel
Wastewater Tank

Torpedo Shops, Site 7

Building 450 Drum
Storage Area

Torpedo Shops, Site 7

Pesticide Use Golf

Area A Downstream

Course Water Courses, Site 3
Pesticide Use Public None

Works

Transformer at None

Building 157, Vault 31

Paint Residue, from None

Repairing Potable Water

Tank 99

Paint Residue, from None

Repairing Potable Water
Tank 326

of Site History

investigation are
referenced for
Tanks 99 and
326

Tank was cleaned and
backfilled in 1987

Phase i RI

90-Day Hazardous
Waste Accumulation
area

No further action

Operational Additional
investigations are
recommended

Operational No further action

Qil on concrete pad
surface, potential for
PCBs

No further action
under the cleanup
recommended
under the spill cont.
plan

Sample results indicate
soil contaminated with
lead

Further investigation
recommended

Sample results indicate
soil contaminated with
lead

Further investigation
recommended

. Number of . . Analytical
Regart Arsa Investigated Associated Phasa Ii Rl Site Im:':;;’:t o Analytical p‘:'::::':t:‘r" Summary of Findings mﬂ::‘:::::im Iml:: o
Samples
tha Database
Site Characterization Building 89, Tank 201 Site is not located in Soil 3 BTEX, TPH Analytical results Due to the
Report (Continued) the formal boundaries 1 Lead, TPH, indicate soils in the possibility of the
of the Lower Subase Volatile vicinity of tank Z01 have | groundwater
site used in the RI; Aromatics detected contaminants | contamination
however, Building 89 is below state cleanup originating from
proximate to the Lower levels another source, and
Subase site Groundwater has been | because the Lower
impacted by a Subase is being
petroleumn related investigated as part
source of the R, no further
action is
recommended
Preliminary DRMO Building 355 DRMO Site 8 Visual Lead sample Not a hazardous waste | No further action No
Assessment, Draft Investigation results from a storage facility
Final and Research previous Included in the
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

Analytical
. . . Media Number of Analytioal » Histarical Data
Repart Area Investigated Assaciated Phase Il Rl Site Investigated Analytical parameters Summary of Findings Recommendations includsd in
Samples the Database
Preliminary Paint Residue, from None Paossible soil Sampling is
Assessment, Draft Repairing Potable Water contamination around recommended to
Final (Continued) Tank 444 tank from paint residue | determine possible
soil contamination
Paint Residue, from None Possible soil Sampling is
Repairing Potable Water contamination around recommended to
Tank 452 tank from paint residue | determine possible
soil contamination
Paint Residue, from None Possible soil Sampling is
Repairing Potable Water contamination around recommended to
Tank 480 tank from paint residue | determine possible
soil contamination
DRMO Scrap Metal Area | Proximate to DRMO, Area formerly used to Additional
Site 6 store scrap metal investigations are
recommended
Hazardous Waste Various No evidence of releases | No further action
Accumulation Areas found
Geotechnical Field Area A Landfill Area A Landfill, Soil 3 TCL VOC, SVOC | Subsurface locations None Yes
Investigation Report for Site 2 TCL Pest are essentially
Area A Landfill TCL PCB non-contaminated
Remedial Design for TAL Metals
Naval Submarine Base Cyanide
New London
Groton, Connecticut
Halliburton NUS
Corporation
May 1995

(

(

(
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

oy,

Groton, Connecticut
Atlantic Environmental
Services, Inc.

May 26, 1995

more cost
effective than
incineration

) Number of . o Analytica!
Report Arsa Invastigated Associated Phase 11 Rl Site Imm::t o Analytical p“.':‘m'm:i Summary of Findings m:":;:::::hm Incl?:!t:d i
Samples
the Database
Removal Site Quay Wall Lower Subase Soil 5 BTEX o Lead and arsenic No further removal No
Evaluation for Quay TCLP Metals detected above actions are
Wall for Naval TCL vOC CTDEP regulatory recommended but
Submarine Base TCLP VOC standard further study
New London TCL SVOC e VOC, SVOC, and needed
Halliburton NUS Total PCB pesticides below
Corporation TAL Metals regulatory CTDEP
May 1995 Cyanide standards
TPH o No PCBs detected
¢ TPH detected in all
soils but not in
exceedence of
CTDEP standards
Final Letter Report Area A Wetland Area A Wetland, Site 2 | Sediment 20 TOC e Several detections of | @ VOC origin is the Yes
Area A Landfill/ TCL vOC VOCs landfill
Wetland Interface TCL SVOC o Wide variety of o Primary source of
Sampling Results TCL Pest SVOCs detected SVOCs may not
Appendix C of the FFS TCL PCB ® Wide variety of be the landfill but
for Area A Landfill TAL Metais pesticides detected the paved parking
Halliburton NUS ¢ One PCB detected lot
Corporation o Numerous detections | @ Pattern of
May 24, 1995 of low-level inorganic data
inorganics results is
indicative of
background
concentrations for
most inorganics
Final Focused Area A Landfill Area A Landfill, Site 2 Refer to Phase | R, Supplemental Site investigation for Area A e Off-site landfill NA
Feasibility Study Landfill, and Area A Landfill/Wetland interface sampling results. and off-site
Area A Landfill incineration
Installation Restoration provide superior
Program protection of
Naval Submarine Base environment
- New London o Off-site Landfill is
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

. Number of . S Rnalytical
Report Area Investigated Associated Phase Il RI Site W:::;::t o Analytical p:’:::’:;‘r" Summary of Findings nm':':':::"im mﬂ: in
Samples the Database

Final Report of Interim | DRMO DRMO, Site 6 Soil 79 TCL VvOC Sample results were Site was backfilled Yes
Remedial Action TCL SVOC used primarily to and a cap installed
Site 6, Naval TCL Pest confirm the limit of
Submarine Base TCL PCB excavation, because of
New London Groton, TAL Metals time constraints the
Connecticut (DRMQ) Full TCLP excavation was
OHM Remediation analysis terminated and
Services Corp. backfilled prior to
September 6, 1995 excavating all soils that

exceeded the

preliminary remediation

goal
Final Report for Soil Spent Acid Storage and | Spent Acid Storage Soil 5 Total Lead Sample results were Site was excavated, Yes
Remediation Disposal Area and Disposal Area, TCLP Lead used primarily to sampling confirmed
Spent Acid Storage Site 15 confirm the limit of that contamination
and Disposal Area excavation of in exceedence of
New London Naval contaminated soils preliminary
Submarine Base remediation goal
Groton, Connecticut was removed
OHM Remediation
Services Corp
September 8, 1995
Draft Summary Report | Goss Cove Landfill and | Goss Cove Landfill, Soil 3 TAL/TCL No VOCs were detected | No adverse health Yes
of Sampling Activities, | Nautilus Museum Site 8 Parameters in the soil, 18 SVOCs effects are
Analytical Results, and were detected int he anticipated for adult
Supplemental Risk soils, Two pesticides visitors, child
Assessment at Goss and one PCB were visitors, or
Cove Landfill and detected, 20 inorganics | employees of the
Nautilus Museum were detected Nautilus Museum
g;?r?:gn%n':zgl Air 4 Selected Volatile | Acetone was tt_w 'only
October 20. 1995 Organics detected volatile in the

! air in the Nautilus
Museum
Below the TWA®

(
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

Repart

Area Investigated

Associated Phase Il Rl Site

Media
Investigated

Number of
Analytical
Samples

Analytical
parameters

Summary of Findings

Historical
Recommendations

Analytical
Data
Included in
the Database

Final
Groundwater/Leachate
Modeling Study Report
for Area A Remedial
Design, Naval
Submarine Base New
London Groton
Connecticut, Brown &
Root Environmental
October 1996

Area A Landfill

Area A Landfill, Site 2

Soil

Groundwater
Seep

8

1

Geotechnical
parameters
TAL/TCL
parameters

¢ Water table below
landfill will be
reduced with cover
system

e Cover system will be
stable

e Contaminant
migration from
unsaturated to
saturated zone will
be reduced

® Mass flux of
contaminants of
concern from landfill
to wetlands will be
reduced

® The main mechanism
for groundwater/
leachate movement
from landfiil to
wetlands is lateral
groundwater flow

o One detection of
organic and six
detections of
inorganics in seep
sample

Do not modify
existing cover
system design with
toe drain system

No

Draft Design Analysis
Report for Area A
Landfill for Naval
Submarine Base, New
London Groton
Connecticut, Brown &
Root Environmental
December 1996

Area A Landfill

Area A Landfill, Site 2

None

None

None

Cap would provide
sufficient stability and
prevent groundwater
infiltration into the
landfiil

None

NA
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

and Watercourses,
Naval Submarine Base
New London, Groton,
Connecticut, William A.
Niering and A. Hunter
Brawley, December 20,
1996

concern with other
areas

" Number of , . Analytical
Report Arsa Investigatsd Associated Phasa I Rl Site lm:’::::‘ o Analytical p“.'::m';:'s Summary of Findings nm'::;:::::im Imm: n
Samplos the Database

Final Area A East End | Area A East End Area A Landfill, Site 2 | Soil 10 TCL VOC ¢ Few detections of The proposed Area No
Investigation Report for TCLs VOC volatile and A Landfill
Area A Landfill TCL Pest semivolatile, and muitimedia cap
Remedial Design, TCL PCB inorganics system should not
Naval Submarine TAL Metals @ Results below CT include the Area A
Base, New London, TPH DEP cleanup criteria | east end
Groton, Connecticut Cyanide
Brown & Root
Environmental,
December 1996
Revised Draft Focused | Area A Area A Soil and None None Evaluated NA
Feasibility Study for Downstrearn /OBDA Downstream/OBDA, Sediment o No Action Additional soil and
Area A Site 3 o Removal of OBDA sediment sampling
Downstream/OBDA and capping with
(Site 3}, Naval institutional controls | Further ecological
Submarine Base, New o Removal of OBDA and human health
London, Groton, and excavation and risk assessment
Connecticut, Brown & offsite disposal of
Root Environmental, soil/sediment
December 1996 e Removal of OBDA

and excavation and

onsite treatment of

soil/sediment
Functions and Values | Area A Downstream Area A Vegetation of None None Vegetation present Disturbance of NA
Assessment of Area A | Watercourses Downstream/OBDA, Downstream shows no adverse Lower Pond should
Downstream Wetlands Site 3 Watercourses effects of contaminants | be minimized, less

1661 UdleiN
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION
NSB-NLON, GROTON, CONNECTICUT

Submarine Base, New
London, Groton,
Connecticut, Brown &
Root Environmental,
February 1997

and monitoring

o Excavation, offsite
disposal, institutional
controls and
monitoring

o Excavation, ex situ
treatment, and offsite
disposal

Medi Number of Analvtical H ( A";Mim
, . . ia ., nalytica _ istarica ata
Report Area Investigated Associated Phase It Rl Site Investigated A::x:::l parameters Summary of Findings Recommendations Included in

the Databage
Site Investigation Tank Farm The Investigation of Sediment 12 TAL/TCL TPH and inorganics o Perform remedial No
Report for Tank Farm the pipslines from the | Soil 145- Parameters identified as COCs action at 5 sites
Investigation Tank Farm include a Surface Water 3 TPH o Perform No
Naval Submarine Base portion of the Lower Groundwater 122 Further Action at
- New London Subase Site 6 sites
Groton, Connecticut @ Perform further
Brown & Root characterization
Environmental at 2 sites.
February 1997
Feasibility Study for DRMO DRMO, Site 6 Soil and None None Evaluated Groundwater NA
DRMQO, Naval Groundwater e No action monitoring to be

o Institutional controls | conducted
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

' Number of . o Analytical
Report Araa Investigated Rssociated Phase Il R Sita Invﬂ:;‘gl:t od Analyt:cal p‘::::::::l‘ Summary of Findings llec:v':t:::::tliam Incl?:lt:tl in
Samples the Database

Site Management Plan | CBU, Area A Landfill, CBU, Area A Landfill, None None None Ranks of high, medium | Results of relative NA
for Naval Submarine Area A Wetland, Area A | Area A Wetland, Area A or low were developed | risk site evaluation
Base, New London, Downstream and Downstream/OBDA, for each site using will be used, in
Groton, Connecticut, Overbank Disposal Rubble Fill at Bunker Navy's relative risk conjunction with
Brown & Root Area, Rubble Fili at A-86, DRMO, Torpedo ranking procedure. other risk
Environmental, Bunker A-86, DRMO, Shops, Goss Cove Detailed schedules management
February 1997 Torpedo Shops, Goss Landfill, Lower Subase, summarizing planned information, to

Cove Landfill, Oil OBDANE, SASDA, and remedial activities were | assist in sequencing

Wastewater Tank (OT- | Area A Weapons also provided remedial work.

5), Lower Subase (Fuel | Center Activities will

Storage Tanks and Tank proceed following

54-H, Power Plant Qil the schedules

Tanks, Building 79 included. The SMP

Waste Qil Pit, Building will be updated

31, Building 316, Berth yearly.

16, Pier 33, Building

174, and Classified

Materials Incinerator),

OBDANE, SASDA,

Hospital Incinerator,

Building 33, Area A

Weapons Center, and

Fuel Farm
Data Gap Investigation | Goss Cove Landfill Goss Cove Landfill, Soil 5 TCL Source of chlorinated Further groundwater No
Report for Goss Cove Site 8 voC compounds is not in characterization as a
Landfill, Naval vicinity of wells separate
Submarine Base, New 8MW8S/8MW8D investigation
London, Groton,
Connecticut, Brown & Groundwater 7 TCL Chlorinated compounds | Proceed with the
Root Environmental, VOC+ in groundwater are Goss Cove FS
March 1997 Geochemistry migrating onto the Goss | separate from

Cove landfill from a groundwater
southeast direction investigation

«

(
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TABLE 1-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS AND RELATED DOCUMENTATION

NSB-NLON, GROTON, CONNECTICUT

01-86-10-A

VAl

6cl 010

. Number of 3 o Analytical
Report Area Investigated Associated Phase Il Rl Site Inv:::?n':t od A:alyticnl p:::::::l‘ Summary of Findings I!oco':::l:::::tliom Inel?:lt:d in
amples
the Database
Draft Work Plan and Fuel Storage Tanks and | Lower Subase, Soil None None To be determined after | Further No
Sampling and Analysis | Tank 54-H, Power Plan | Thames River Groundwater the Remedial characterization.
Plan for Lower Subase | Oil Tanks, Building 79 Surface Water Investigation is Collect additional
Remedial Investigation, | Waste Oil Pit, Building Sediment completed soil, groundwater,
NSB-NLON, Groton, 31, Building 316, Berth surface water and
Connecticut, 16, Pier 33, Building sediment samples.
March 1997 174, Classified Materials Analyze samples for
Incinerator, and Thames TPH, SVOCs,
River metals, and natural
attenuation and
geochemical
parameters.
Existing Data Fuel Storage Tanks and | Lower Subase None None None Evaluated existing data | Further NA
Summary Report for Tank 54-H, Power Plant | Thames River for Lower Subase to characterization.
Lower Subase Qil Tanks, Building 79 determine data gaps Collect additional
Remedial Investigation, | Waste Qil Pit, Building that need to be soil, groundwater,
Naval Submarine 31, Building 316, Berth addressed by the Lower | surface water, and
Base, New London, 16, Pier 33, Building Subase Rl. Additional | sediment samples.
Groton, Connecticut, 174, Classified Materials data/zones were Analyze samples for
March 1997 Incinerator, and Thames evaluated in this report | TPH, SVOCs, and
River that were not evaluated | metals.
in the Phase Il Ri.
Additional soil,
groundwater, surface
water and sediment
sampling and analyses
are required
Abbreviated Field Rubbile Fill at Bunker A- | Rubble Fill at Bunker | None None None The presence of soil Collect 14 surface NA
Verification Sampling | 86 A-86, Site 3 contamination needs to | soil samples
Activities for Site 4 be determined after the
Remaoval Action, Naval removal action
Submarine Base, New
London, Groton,
Connecticut
(Ongoing)
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TABLE 1-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOIN
NSB-NLON, GROTON, CONNECTICUT

3 INVESTIGATIONS Al

{
{
{

Analutinal
Anaytical

Monitoring Activities

for DRMO, Brown &

Dnnt Enviranmantal
OO ChNVITONRIMISHw

(Ongoing)

yearly

samples every

auarter
quarter

. Number of . .
Report Area Investigated Assoviated Phase 1 Rl Site| . M9 | aratviical Analytioal Summary of Findings _ Mistorical | Data
invesiigatea Samoles parameters necommenaations WGIWeu i
mp the Database
Yearly Groundwater DRMO DRMO, Site 6 Groundwater None None Groundwater impacts Collect 10 NA
need to be evaluated groundwater

1 NA: Not Applicable

2 VC: Volatile organic compounds
BNA: base/neutral acids

Pest/PCB: pesticides and polychiorobiphenols

3 TCLP: Toxicity Characteristic Leaching Procedure
TPH: Total Petroleum Hydrocarbons

W NN

al!

TSS: Total suspended solids
SVOC: Semivolatile organic compounds

TCE: Trichloroethylene
1,2.DCA: 1,2-dichlorosthene

TBC: To be considered

¢
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TABLE 1-2

BACKGROUND SOIL CONCENTRATIONS!"
NSB-NLON, GROTON, CONNECTICUT

Revision 1
March 1997

samples collected in April 1995.

Parameter Naval Submarine Base Site-Specific Background? (mg/kg)
{0-2 feet) (0-4 feet)
Aluminum 17,600 17,600
Arsenic 3.6 3.6
Antimony 2.050 2,05
Barium 39 57.2
Beryllium 0.72 0.72
Boron 3.10 3.1@
Cadmium 0.249 0.249
Calcium 314 499
Chromium 19.3 215
Cobalt 7 8
Copper 17.9 25.6
Iron 16,800 17,200
Lead 17.5 17.5
Magnesium 2,460 3,650
Manganese 172 188
Mercury 0.055 0.05
Nickel 509 5.95C
Potassium 669 2,580
Selenium 0.4451 0.4458
Silver 03850 0.385¢)
Sodium 16.5% 20.5@)
Thallium 0.105® 0.29
Vanadium 333 35.1
Zinc 25.6 31.3
1 All data taken from Atlantic, 1995.
2 The site-specific background value is the highest value detected from among all the background soil

Value based on one-half of the highest detection level from among all the background soil samples

collected in April 1995.
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2.0 STUDY AREA INVESTIGATION

This section summarizes the sampling and analytical procedures used for the Phase Il Rl conducted at
NSB-NLON. Procedures are discussed for geologic, soil and vadose zone (Section 2.3), groundwater
(Section 2.4), surface water and sediment (Section 2.5), air investigations (Section 2.6), and ecological
(Section 2.7). Summaries of the specific samples collected and the analyses performed for each sample
are provided in Sections 5.0 through 17.0 for each of the individual sites. Figures illustrating sample
locations at individual sites are also provided in Sections 5.0 through 17.0.

The sampling and analytical procedures used during the Phase I Rl, various Focused Feasibility Studies, and
other supplemental reports are not discussed in this report. Reference should be made to the appropriate
report for that information.

All field work, including all sampling and equipment decontamination, was conducted in accordance with
the USEPA- and CTDEP-approved Phase Il Rl Work Plan prepared by Atlantic Environmental Services, Inc.
(Atlantic, May 1993) as modified by Halliburton NUS. All investigation derived wastes (IDW) were collected,
containerized in 55-gallon DOT-approved drums, stored temporarily on site, and subsequently transported
and disposed of by Laidlaw Environmental.

2.1 SAMPLE NOMENCLATURE

Sample nomenclature for the Phase |l Rl was based on the system used during the Phase | Rl with the
exception of the Phase Il Rl Supplemental Ecological Sampling. Each Phase Il Rl sample was assigned a
sample identification nhumber as outlined in the Field Sampling Plan (Atlantic, May 1993). Each sample
identification number consisted of several alpha-numeric characters, providing the site number, a sample
description, the sample number, and sample depth information, as appropriate. Sample nomenclature for
samples collected during other investigations is not discussed in this report. Reference should be made for
the appropriate Work Plan or Field Sampling Plan for the relevant discussion of sample nomenclature. The
sample numbering system for the Phase Il Rl can be summarized as follows:

e  Site Number: The site at which a sample was collected was identified by the site numbers
outlined in the Rl Work Plan (as shown on page 1-1}). Exceptions include: (1) Area A samples
which include an additional letter in the sample identification number indicating the location (i.e.,
L for Landfill, W for Wetland, D for Downstream Watercourses, and WC for Weapons Center);

D-01-95-10 2-1 CTO 129
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(2) Thames River biota samples; (3) pre-Phase | Rl Lower Subase groundwater samples; and
(4) Phase Il Rl Supplemental Ecological Samples from the Area A Downstream
Watercourses/OBDA (i.e., S1 for Stream 1, S2 for Stream 2, S3 for Stream 3, S4 for Stream 4,
OP for OBDA Pond, UP for Upper Pond, and LP for Lower Pond) and Thames River (i.e., TR for
Thames River). It should be noted that the site number for the Area A Weapons Center was
Site 2, but has been renamed, at the direction of the Navy, to Site 20. Site numbers used during
sampling do not reflect this change.

Sample Description: Samples of various environmental matrices were obtained during the

Phase Il Rl. Matrix-specific alpha characters were used as designations in the sample numbers,
as follows: SS - surface soil; TB - test boring (no well installed); MW - monitoring well (soil
sample); GW - monitoring well (groundwater sample); SD - sediment; SW - surface water; A -
air sample; CMU - control mussel; BVO - bivalve-oyster; MU - mussel; BVC - bivalve-clam. All
samples collected during the Phase Il Rl Supplemental Ecological Sampling rounds in the Area A
Downstream Watercourses/OBDA and Thames River have an EC- prefix denoting an ecological

sample.

Sample Number: Individual samples were numbered consecutively for each medium at each

site and were continued from the previous Rl. Monitoring wells for all Area A/Over Bank
Disposal Area (OBDA) sites were grouped together and numbered from 1 to 30. The second

round of groundwater and air samples were indicated with the suffix -2.

For the supplemental ecological sampling in the Area A Downstream Watercourses/OBDA there

were four rounds of sampling and the samples were indicated with a suffix of -01 through -04.
Sample Depth: The soil sampling depth was indicated with a suffix indicating the depth (in feet)
below ground surface (e.g., 15MW18-0103 was a sample obtained from 1 to 3 feet in boring

MW1S (shallow) from Site 15).

Other Abbreviations: Other designations used in the sample nomenclature system included the

following: S - shallow wells; D - deep wells; -D - duplicate sample.
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22 GEOLOGIC INVESTIGATIONS

The strike and dip of joints and bedding planes were measured at eleven locations in Area A and the DRMO
using a Brunton compass. These measurements supplement the existing information on bedrock geology.
The measurements are shown on Drawing 4.

2.3 SOIL AND VADOSE ZONE INVESTIGATIONS

Soil and vadose zone investigative procedures are discussed in this section. These investigations included
two soil gas surveys (Area A Downstream Watercourses and the Torpedo Shops), surface soil sampling,
completion of soil borings, and subsurface soil sample collection. Investigative procedures are discussed

in Section 2.3.1. Analytical procedures are discussed in Section 2.3.2.

2.3.1 Soil and Vadose Zone Investigative Procedures

The various methods used to investigate the soil and vadose zone at the sites investigated at NSB-NLON
are discussed in this section. Discussions of soil gas, surface soil, and subsurface soil sampling are

provided.

2.3.1.1 Soil Gas Surveys

Soil gas surveys were conducted at two sites (Torpedo Shops and a portion of the Area A Downstream
Watercourses/OBDA) at NSB-NLON. The grid surrounding the Torpedo Shops site was layed out around
Buildings 325 and 450. Forty-eight locations were attempted to be sampled. Three of the forty-eight sample
locations were not sampled due to the presence of water or interference with utilities. The chemicals of
concern (COCs) for the Torpedo Shops site were tetrachloroethene, trichloroethene, toluene, benzene,
acetone, Freon-113, and m-, p-, and o-xylenes. These COCs were selected based on past detected
contaminants at the site, waste disposal history at the site, and the capabilities of the instrumentation used

for analyses.

The study area for the Area A Downstream Watercourses/OBDA site was a 150 by 150 foot grid on 25 foot
centers. Forty-seven locations were attempted to be sampled. Two of the forty-seven sample locations
were not sampled due to repeated auger refusal or the presence of water. The COCs for the Area A

Downstream Watercourses site were tetrachloroethene, trichloroethene, and toluene.
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Instrumentation, Equipment, and Methodology

The soll gas probe was constructed of a 1/4-inch outside diameter (O.D.) hol‘low stainless steel tube
approximately 5 feet long. The sampling end terminated in a fitting that allowed gas to flow in but prevented
the tube from being clogged by soil. The other end consisted of a tee-fitting with an in-line septum fitting
perpendicular to the sampling tube (the branch of the tee) and with a section of Teflon tubing attached to
the fitting on the run of the tee. The Teflon tubing ran from the sampling tube to a portable air sampling

pump.

A slip-hammer was used to pre-drili the holes for the soil gas probe. At the Torpedo Shops site, a hammer-
drill was also used to penetrate the blacktop-covered concrete between the two buildings to reach the soil
layer. A hole of approximately 4 feet was punched with a slip hammer, the probe was inserted and the top
of the hole was sealed with soil. The soil gas was collected from the area around the bottom of the
sampling tube, drawn up the tube, and sampled through the septum at the tee. Excess soil gas was
exhausted through the peristaltic pump.

The air sampling pump was set on low flow (approximately 1 liter per minute). The soil gas probe was
attached to the peristaltic pump and at least 10 to 15 seconds elapsed before sampling. This time was
determined empirically by attaching a working standard vial to the bottom of the soil gas probe, and
repeatedly measuring the time for the concentration of the standard to maximize in the gas-tight syringe.
The gas-tight syringe was inserted into the septum at the top of the soil gas probe and two 500 ul syringe
volumes were withdrawn and discarded. The third volume was very slowly withdrawn, allowing the soil gas
to completely fill the syringe, then the syringe plunger was depressed to the 300 pul mark. A second syringe
was filled in a similar fashion in case a re-sample of the location was required. After removal of the sampling

rod, ambient air was pulled through the rod to purge the interior of any soil vapors, and the rod was cleaned

with deionized water.

The gas chromatographic instrument used to detect the COCs in soil gas was a Photovac 10850 with the
internal heater option. The detector in the instrument was a photoionization detector (PID). The 300 ulL

volume of soil gas was injected directly into the GC instrument and a run was triggered. A chromatogram

was printed for each run.

Calibration standards were prepared fresh daily and were at a nominal concentration of 1.0 parts per million
(ppm). A calibration standard was analyzed at the beginning of sampling, at the end of sampling, and at

least once more during each day.
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Atlantic standard operating procedures (SOPs) 1052 and 1053 were used as specified in the sampling and
analysis plan for the NSB-NLON sites. This was augmented by telephone conversations with the instrument
manufacturer, Photovac Corporation, who gave advice on instrument optimization and on the retention
times.

All peaks that did not match the approximate retention time of a COC were reported as unknowns. These
unknown peaks were grouped together and reported as an equivalent of one of the COCs. For the Torpedo
Shops site samples, these results were reported in the field as a benzene concentration-equivalent. For the
Area A Downstream Watercourses/OBDA site samples, these results were reported in the field as a toluene
concentration-equivalent. The results from the unknown peaks are not summarized in this Phase Il Rl

Report. Additional details regarding soil gas sample analyses are presented in Section 2.3.2.2.
23.1.2  Surface Soil Sampling

The surface soil sampling program was designed to identify the presence of chemicals in the upper 6 inches
of soil (for the purposes of the risk assessment, soils from 0 to 24 inches were treated as surface soils).
A total of eight 0-6 inch deep surface soil samples were collected during Phase Il Rl. Surface soil sampling
protocols specified in Atlantic SOP No. 1020 were followed. Only discrete (grab) samples were collected
and were obtained with stainless-steel trowels. |

Three surface soil samples and one duplicate, making a total of four soil samples, were collected in
July 1995 at the Goss Cove Landfill site as a supplemental characterization effort to the Phase Il Rl. One
sample was collected within the picnic area and two were collected around the submarine exhibits outside
of the Nautilus Museum. Areas which receive a high volume of traffic (visitors or workers) were targeted
for sampling. For example, samples were taken in proximity to outside submarine exhibits where plaques
are located which can be read by the visitors. All soil (soil from depths of 0 to 10 feet) samples were
analyzed for Target Compound List volatile organic compounds (TCL VOCs), TCL semivolatile organic
compounds (SVOCs), TCL pesticides/PCBs, and Target Analyte List (TAL) metals plus cyanide. A rinsate
blank, from the trowel used to collect the soil samples, was sent for analysis to verify decontamination

techniques.
2.3.1.3 Soil Borings and Subsurface Soil Sampling
The objectives of the soil boring program were to characterize the physical properties and to classify

subsurface soils, to identify areas of potential soil contamination, and to estimate the lateral and vertical

nature and extent of soil contamination. A total of 119 soil borings were drilled at NSB-NLON during the
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Phase Il RI; 47 of these were completed as overburden or overburden/bedrock monitoring wells, 5 were
completed as observation wells, 1 was completed as a pumping test well, and 16 were completed as

bedrock monitoring wells. The remaining 50 borings were test borings.

The borings were drilled from November 1993 through March 1994 by East Coast-Thomas Environmental
of Wallingford, Connecticut. Brown & Root Environmental personne! supervised and inspected drilling
activities, logged and field screened soil samples, and collected soil samples for laboratory analyses. Test
borings were advanced until auger refusal or to approximately 20 feet below ground surface, or to the

desired depth for well installation.

The borings were advanced with 4%-inch inside diameter (1.D.) hollow-stem augers using either a CME-55
or CME-75 truck-mounted drill rig or Diedrich D-50 track-mounted drill rig. Soil samples were collected
continuously with 2-foot-long split spoon samplers in accordance with Atlantic SOP No. 1021. Physical
characteristics (such as color, density, lithology, and moisture), any visual evidence of contamination (i.e.,
odor, sheen, or staining), and field screening results for soil samples were recorded on boring logs. All soil
(soit from depths of 1 to 10 feet) samples were field screened with an HNu P101 or OVM-B organic vapor
analyzer to determine the potential presence of volatile organics. Bedrock core samples from selected
borings were collected with either NX or HQ core barrels with diamond core bits. Lithologic descriptions
and presence/orientation of fractures in the core samples were recorded in the boring logs. Boring logs
are provided in Appendix A.

For the phase Il Rl a total of 124 soil samples from 83 soil borings were submitted for laboratory analyses.
Soil samples were selected for laboratory analyses based on field screening results, visual evidence of
contamination, pre-determined depth, or proximity to the groundwater table. Specific analyses and soil

sampling intervals are summarized for individual sites in subsequent sections of this report.

2.3.2 Analytical Procedures

This section discusses various analytical procedures used for soil and soil gas samples collected during the

Phase Il Rl. Both fixed-base laboratory services and various field screening techniques were used.
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2.3.2.1 Fixed-Base Laboratory

The following fixed-base analytical methods were employed for the soil sampling and analysis program
during the NSB-NLON Phase Il Ri:

e  Target Compound List (TCL) volatile organic compounds, semivolatile organic compounds, and
pesticide and PCB compounds were analyzed in accordance with the EPA Contract Laboratory
Program (CLP) Statement of Work (SOW) for Organic Analysis Multi-Media, Multi-Concentration
(Document Number OLM01.8).

e  Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were
analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media,
Multi-Concentration (Document Number ILM02.1). Based on the absence of any metal
contamination (with the exception of lead) during the Phase | Rl soil samples collected at the
Lower Subase were not analyzed for the full Target Analyte List during Phase ll. These samples
were analyzed only for lead using the aforementioned method in accordance with the approved
work plan.

e Dioxing were analyzed using the EPA CLP SOW for Dioxin Analysis Multi-Media,
Multi-Concentration (Document Number DFLM01.0).

o  Toxicity Characteristic Leaching Procedures (TCLP) were performed using SW-846 Method
1311, followed by SW-846 Methods 8240, 8270, 8080, 8150, and the 7000 series (volatile

organics, semivolatile organics, pesticides, herbicides, and metals, respectively.)

e  Engineering Parameters: grain size distribution was measured by ASTM D422; moisture
content was measured by ASTM D2216; specific gravity was measured by ASTM D854; organic
content was measured by ASTM D2974; pH was measured by SW-846 Method 9045; cation
exchange capacity (CEC) was measured by SW-846 Method 9081; and total organic carbon
(TOC) was analyzed by the Walkley-Black Procedure from Methods of Soil Analysis Part

2 - Chemical and Microbiological Properties.

Not all soil samples at each of the sites were analyzed for the complete set of analytical parameters. A more
detailed discussion of the analytical program specific to each site is included in the site-specific sections of
this Rl report (i.e., Sections 5.0 through 17.0).
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Engineering parameter analyses of soil samples were performed by the Halliburton NUS Laboratory in
Pittsburgh, Pennsylvania and by Geotesting Express in Concord, Massachusetts. All other soil sample

analyses were performed by Southwest Laboratory of Oklahoma in Broken Arrow, Oklahoma.
2.3.2.2 Soil Gas Survey

The soil gas analysis was completed using a Photovac Model 10S50 portable gas chromatograph (GC) with
a CPSIL-5 capillary column and photoionization detector (PID) in accordance with Atlantic Procedure
No. 1053. Daily GC settings were as follows: oven temperature of 40°C; column flow of 10 mL/min
(ultra-high-purity air carrier); gain of 50; injection volume of 300 ul; and analysis time of 1,000 seconds.

The GC was calibrated by injecting qualitative and quantitative standards. These standards are as follows:

L Headspace stock standards diluted in deionized water: acetone, Freon-113, and benzene at
10 ppm each; and benzene, trichloroethene, tetrachloroethene, toluene, and xylenes (o-, m-,

and p-) at 20 ppm each.

e Standard of 1 ppm benzene, trichloroethene, tetrachloroethene, toluene, and xylenes (o-, m-,

and p-).
e  Ambient air quality control sample.

The peaks in the soil gas samples were identified by comparison of retention times to known standards.
Standards were run at the beginning, middle, and end of each day, and when and if shifting retention times

were observed.
2.3.2.3 Soil Sample Chromatography (GC) Screening

Ten soil samples from the Area A Landfill were field screened for PCBs using GC. All soil samples were
analyzed using a field GC and those soil samples yielding the highest PCB concentrations were sent to a
fixed-base laboratory (Southwest Laboratory of Oklahoma) for analyses. Sample locations for the Area A

Landfill and analytical results are discussed in subsequent sections of this report.
The soil field screening was conducted using a Hewlett-Packard HP58390 Series |l portable GC with a dual

_electron capture detector (ECD). A glass column (1.8-m by 1/4-inch outside diameter) packed with
1.5% SP-2250/1.95% SP-2401 on 100/120 mesh Supelcoport was used. Ultra-high-purity nitrogen was used
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as carrier gas and make up for the ECD. Halliburton NUS Corporation Close Support Laboratory SOP
No. CSL09 (Pesticide/Polychlorinated Biphenyl Analysis [solid matrix]) was followed.

Daily GC settings were as follows: isothermal oven temperature - 220°C; injection port temperature - 300°C;
detector temperature 350°C; flow rate - 30 mL/min (ultra-high-purity nitrogen carrier); injection volume -

2 pL; run time - 20 minutes. The following standards were used:

] Commercially prepared PCB standards were used including Aroclor-1248 at a concentration of

100 pg/ml. and Aroclor-1254 at a concentration of 100 ug/mL in iso-octane.

] Commercially prepared standards were diluted in iso-octane at three concentration levels
(0.2 mg/L, 1.0 mg/L, 5.0 mg/L).

& A surrogate spiking solution of decachiorobiphenyl and tetrachloro-m-xylene at concentrations

of 200 ug/mL each diluted in iso-octane to an on-column concentration of 20 ng; a matrix

spiking solution of Aroclor-1254 at a concentration of 200 ug/mL diluted in iso-octane to a

on-column concentration of 20 ng.

To prevent carry over, the column was baked for a short period of time and flushed with hexane between
analyses. Samples were extracted using 5 grams of sample and 3 grams of anhydrous sodium sulfate in
8 mL of hexane. This solution was mixed thoroughly and a portion of the supernatant was injected to the
packed column.

The peaks in the sediment samples were identified via retention time comparison with the standards
discussed previously. Mid-point concentration standards were run at the beginning, middie, and end of each

day, and whenever an indication of shifting retention times occurred.

Sample results were corrected for moisture content. Therefore, the soil samples underwent a separate
procedure to determine percent moisture. Sediment samples were measured for moisture content using
Halliburton NUS Corporation Close Support Laboratory SOP No. CSL10 (Percent Moisture Determination
for Solid Matrices). Sample weights (wet weight) were recorded and the samples were placed in a drying
oven at 103°C for 4 to 6 hours. The samples were then cooled to room temperature and weighed again
to determine dry weight. Percent moisture was determined from the wet weight and dry weight
measurements.
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2.3.2.4  Soil Lead Screening

Soil samples collected at four sites (the Goss Cove Landfill, the DRMO, the Spent Acid Storage and Disposal
Area, and the Lower Subase) were screened for lead content using a portable, lead-specific Scitec X-ray
Fluorescence (XRF) analyzer (Model No. FA3C) containing a cadmium-109 source. The results of the XRF
screening were used to determine how far to advance test borings. Atlantic Technical SOP No. GTP002 and
USEPA Method FM-3 were used. A paint block standard was used for calibration in accordance with the

manufacturer’s instructions.
2.3.2.5 Soil Headspace Analysis

Soil samples collected at the Area A Weapons Center were screened for total volatile organic vapor. Soil
samples were heated in an oven at 80°C for 10 minutes. The headspace of each sample was then analyzed
using an Thermo Environmental Instruments organic vapor meter/datalogger (Model 580B). The instrument
was calibrated with methylene chloride (53.7 ppm) in nitrogen gas, according to the manufacturer’'s
instructions at the start of sample analysis and at the end of each run day. ‘A total of 39 soil samples were
screened and eight of these samples were sent to a fixed-base analytical laboratory (Southwest Laboratory

of Oklahoma) for further analyses.
24 GROUNDWATER INVESTIGATIONS

The objectives of the Phase Il Rl groundwater investigation at NSB-NLON were to assess groundwater
quality and define the nature and extent of groundwater contamination. The groundwater investigations also
provided hydrogeologic information for some sites. Table 2-1 provides a summary of well construction and
hydrogeologic information by site for the monitoring wells installed during the Phase !l Rl and during
complementary Area A Landfill and Tank Farm investigations perform subsequent to the Phase !l Rl field

work. Table 2-2 provides similar information for all pre-Phase Il Rl wells.

2.41 Drilling and Well Construction Procedures

A total of 63 permanent groundwater monitoring wells, 5 observation wells, and 1 pumping test well were
installed during the Phase Il Rl. Boring logs and well construction diagrams are included in Appendix A.
The locations of these wells are discussed in subsequent site-specific sections of this report. The monitoring
wells were installed as either single wells or well clusters. Typical well clusters consisted of a shallow
overburden monitoring well and a deep bedrock well. Exceptions consisted of either a shallow overburden

well and a deep overburden well (if bedrock was not encountered) or a shallow bedrock well and a deep
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bedrock well (if bedrock was encountered at a shallow depth so as to prohibit the installation of an
overburden well). Groundwater monitoring intervals were selected to intersect the first significant

water-bearing zone in the overburden or bedrock for shallow or deep monitoring wells, respectively.

East Coast-Thomas Environmental of Wallingford, Connecticut provided drilling services, equipment, and
materials for the installation of the monitoring wells. The monitoring wells were installed from
November 1993 through March 1994. Brown & Root Environmental personnel supervised and inspected
drilling activities and logged boring and well construction information.

The Supplemental Area A Landfill investigation and the Tank Farm investigation were performed in
September through November 1995. An additional 26 monitoring wells and piezometers 23 overburden and
3 bedrock were installed during the Supplemental Area A Landfill investigation, and 22 overburden
monitoring wells were installed during the Tank Farm investigation. Well drilling and construction techniques
were the same as with Phase Il Rl wells.

Overburden Monitoring Wells

A total of 39 overburden monitoring wells, 5 observation wells, and 1 pumping test well were installed during
the Phase I Rl. Of the 39 overburden monitoring wells, 32 wells were shallow overburden monitoring wells
and 7 wells were deep overburden monitoring wells. All overburden wells were Iinstalled by advancing
hollow-stemn augers with an inside diameter (1.D.) of 4% inches (except for the pumping test well, which was
advanced with 8%"-1.D. hollow-stem augers) with either a CME-55 or CME-75 truck-mounted drill rig or
Diedrich D-50 track-mounted drill rig. Split-spoon s;imples of the subsurface soil were collected continuously
as described in Section 2.3.1.3.

The overburden wells were constructed of 2-inch-diameter, flush-joint and threaded, Schedule 40 PVC casing
and 0.010-inch slotted well screen fitted with a bottom cap, except for the pumping test well which was
constructed of 4-inch, Schedule 40 PVC casing and 0.010-inch slotted well screen. Well screens were
typically 10 feet in length and were installed to intersect the water table. The top of the well screens were
placed at least 1 foot above the static groundwater elevation as determined during drilling to allow for
seasonal fluctuations. This procedure could not be followed at all locations as a result of the proximity of
the water table to the ground surface. Such wells were screened at or below the water to allow for
placement of a proper seal around the well at the ground surface. The annulus between the well screen and
the borehole wall was backfilled with washed Ottawa silica sand to a depth of 1 foot above the top of the
well screen. The annular space above the sand pack was then backfilled with a 2-foot bentonite seal. The

remaining annular space was backfilled with a cement-bentonite (6-to-1 ratio, respectively) mixture using a
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tremie pipe. A 4-inch flush-mounted or standing protective steel casing was cemented at the ground

surface.

Bedrock Groundwater Monitoring Wells

A total of 16 bedrock groundwater monitoring wells were also installed during the Phase Il Rl. All bedrock
monitoring wells were installed to monitor deep bedrock groundwater (except for well 7MW4S, which was
instalied by coring and reaming methods as a shallow bedrock well) and were cased through the overburden
to the bedrock interface with steel casing to prevent potential downward migration of contaminants. All
bedrock monitoring wells (except wells 2WMW5D and 7MWA4S) were installed with a Chicago 672 Pneumatic
truck-mounted drill rig. Using air rotary drilling techniques, an 8%-inch or 10%&-inch air-hammer bit or rollerbit
was advanced through the overburden and at least 5 feet into bedrock as verified by inspection of the drill
cuttings and core samples. At two wells (BMW6ED and 2LMW20D), mud rotary drilling techniques were
employed to stabilize the borehole wall. A 6-inch-diameter steel casing was then pressure grouted into the
bedrock with a cement-bentonite slurry (except for well 2LMW20D, in which a 8%-inch-diameter steel casing
was installed). After the grout had set for at least 24 hours, a 5%-inch air hammer bit was advanced through
the casing to the first significant water-bearing zone encountered in bedrock, at least 20 feet below the
bedrock surface. A flow rate of approximately 1 gpm or greater was considered an adequate flow. All
bedrock monitoring wells were unscreened, except for wells 2WMW5D and 7MWA4S. Wells 2WMW5D and
7MWA4S were installed by coring and reaming a 6-inch borehole into bedrock and were screened like the

shallow overburden monitoring wells, as previously discussed.

Overburden/Bedrock Monitoring Wells

A total of 8 overburden/bedrock monitoring wells were installed during the Phase Il Rl. These monitoring
wells were installed with well screen intervals straddiing the overburden and bedrock interface, where a thin
layer of overburden did not permit the installation of a shallow overburden monitoring. These wells were
installed using either air rotary drilling techniques or a combination of hollow-stem augering and coring and
reaming or water rotary drilling techniques. The wells were screened in a manner similar to the shallow
overburden monitoring wells. Boring logs and well construction diagrams for the Phase Il Rl wells are
included in Appendix A. Well construction and all wells are provided on Tables 2-1 and 2-2.

All monitoring wells were developed to remove fine materials from the sand pack a minimum of 24 hours
after well installation. Shallow monitoring wells were developed with either a peristaltic pump or submersible
centrifugal pump. The deep monitoring wells were developed with either a submersible pump or a hand
pump. Groundwater temperature, specific conductance, dissolved oxygen, salinity, pH, and turbidity were
monitored with a Horiba Water Quality Checker during monitoring well development. Well development was

considered complete after these parameters had stabilized (i.e., varied less than 10 percent) and turbidity
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was less than 50 nephelometric turbidity units (NTUs) or after seven well volumes had been purged or
4 hours had elapsed, whichever was greater.

2.4.2 Groundwater Sampling Procedures

Brown & Root Environmental personnel collected two rounds of groundwater samples for the Phase Ii Rl
from January through July 1994. All of the 63 monitoring wells and the pumping well installed by Halliburton
NUS during the Phase Il Rl were sampled, as well as 60 monitoring wells installed by Atlantic, and
7 monitoring wells on the Lower Subase installed during previous investigations. Summaries of the
groundwater sampling program are provided on a site-specific basis in subsequent sections of this Rl report.
Groundwater samples were analyzed for various parameters including some or all of the following: VOCs,
SVOCs, pesticides, PCBs, inorganics (total and dissolved), TPH, radiological analyses, dioxins, and

engineering characteristics.

All groundwater samples and associated quality control samples were collected in accordance with the
sampling and analysis program/procedures outlined in the Phase Il Remedial Investigation Field Sampling
Plan (Atlantic, May 1993) and the Phase || Remedial Investigation Quality Assurance/Quality Control and
Data Management Plan (Atlantic, May 1993). All shallow overburden wells were purged with a peristaitic
pump outfitted with dedicated Teflon® tubing or a 2-inch submersible centrifugal pump and were typically
sampled with a peristaltic pump outfitted with dedicated Teflon® tubing. Dedicated Teflon® bailers were used
for VOC sampling. In bedrock wells, a 4-inch Grundfos submersible centrifugal pump or 2-inch submersible
centrifugal pump was used for purging, and the samples were collected with Teflon® bailers. All

groundwater samples were collected at least 2 weeks after well development had been completed.

Prior to the extraction of any groundwater, the depth to water and the total well depth was measured to the
nearest 0.01 foot using an electrohic water level indicator. The well volume was then calculated. The water
level indicator was properly decontaminated between wells. A minimum of three well volumes was purged
prior to groundwater sampling. Groundwater quality parameters (pH, temperature, turbidity, dissolved
oxygen, salinity, and specific conductance) were measured at regular intervals during purging. Groundwater
samples were collected after these parameters had stabilized to within a 5 percent variance between
successive measurements. Sample parameter measurements and static water level and well depth
information were recorded on sample log sheets. Stabilized well purging parameters are provided in
Appendix D.14. If a well was purged dry, it was sampled within 24 hours after sufficient recharge had

occurred.
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Wells purged dry during Round 1 and Round 2 sampling are as follows:

Round 1 Round 2
2LMW-7S 8MW-8S
2LMW-13S 8Mw-8D
2LMW-13D 2DMW-16D
2DMW-15D 2DMW-23D
2DMW-23D 2LMW-78
2DMW-26D 2LMwW-8D
2DMW-27D 2LMW-9S
2DMW-28D 2LMW-19D
2WMW-3D 2WMW-2D
2WMW-22D 2WMW-3D

7WM-5D 2WMW-6S

8MW-8S 2WMW-15
NESO 10-2
15MW-38

In wells purged with a peristaltic pump, the nonvolatile fractions of the sample were collected through the
discharge end of the tubing. Following the collection of the nonvolatile fractions, the peristaltic pump tubing
was removed from the well, and the volatile sample was collected with a dedicated Teflon® bailer. When
a bailer was used to collect all sample fractions, the volatile sample was collected first to avoid the loss of
volatiles through agitation of the groundwater by the bailer. All samples for dissolved metals analysis were
field filtered with an in-line 0.45-micron disposable filter. Analytical results for the groundwater samples are

summarized in Sections 5.0 through 17.0.

2.4.3 Analytical Procedures

The following analytical methods were employed for the groundwater sampling and analysis program for
the NSB-NLON Phase Il RI:

e  Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed
in accordance with the EPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration
{Document Number OLM01.8).

e  Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were
analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media,

Multi-Concentration (Document Number ILM02.1). Groundwater samples were collected and
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submitted for total and dissolved metals. The samples submitted for dissolved metals analysis
were field filtered.

e  Total Petroleum Hydrocarbons (TPH) were analyzed in accordance with EPA-600/4-79-020
Method 418.1. :

e  Radiological Analyses were analyzed in accordance with Test Methods for Evaluating Solid
Waste: Physical and Chemical Methods, EPA/SW-846, Method 9310.

° Engineering Parameters: biochemical oxygen demand (BOD) was analyzed by Method 405.1;
chemical oxygen demand (COD) was analyzed by Method 410.2; total organic carbon (TOC)
was analyzed by Methad 415.1; oil and grease was analyzed via Method 413.1; total suspended
solids (TSS) were analyzed by Method 160.2; ammonia was analyzed by Method 350.2; total
phosphorus was analyzed via Method 365.1; and hardness was analyzed by Method 130.1. All
of the aforementioned methods are from Methods for the Analysis of Water and Wastes
(EPA-600/4-79-020).

Groundwater samples were analyzed for various analytical parameters at each of the study areas. A more
detailed discussion of the analytical program specific to each study area is included in subsequent
site-specific sections of this Rl report (specifically Sections 5.0 through 17.0). All groundwater sample

analyses were performed by Southwest Laboratory of Oklahoma, in Broken Arrow, Oklahoma.

2.4.4 Water Level Measurements

Monthly water level measurements were conducted at 31 locations for 1 year to provide hydraulic data to
construct a basewide groundwater contour map and to assess seasonal variations in the water levels. The
31 locations included 9 single monitoring wells, 18 monitoring well clusters, 1 offsite residential well, and
3 surface water staff gauges. Wells used for monthly water level measurements are summarized in
Table 2-3. Wells MW-6, 2WMW1D, OSW-28, and OSW-29 were eliminated from the monthly water level
measurements because MW-6 had been destroyed and the others could not be located by Brown & Root

Environmental personnel.

Groundwater elevations measured in March 1994, August 1994, and November 1995 were used to construct
basewide groundwater contour maps. Water level measurements were obtained with an M-Scope Water
Level Indicator and were recorded to the nearest 0.01 inch. Accurate measurements for the flowing artesian
well 4GW4D could not be made.

D-01-95-10 ' 2-15 CTO 129




Revision 1
March 1997

245 Aquifer Characteristic Investigations

Seven single well hydraulic conductivity tests, one step-drawdown test, and one pump test were conducted
at NSB-NLON. Single well hydraulic conductivity tests were conducted at several monitoring wells across
NSB-NLON to determine local aquifer characteristics. One step-drawdown and aquifer pumping test were

conducted to evaluate the feasibility of pump-and-treat groundwater remediation at the Area A Landfill.

2.4.5.1 Single Well Hydraulic Conductivity Tests (Slug Tests)

Single well hydraulic conductivity tests were performed in accordance with procedures outlined in the
Phase Il Remedial Investigation Work Plan (Atlantic, May 1993). Rising- and falling-head slug displacement
tests were performed at overburden monitoring wells AMW2S, 6MW3D, 6MW7S, BMW2S, 8MW2D, 15MW1S,
and 15MW3S.

Slug tests were performed using a 5-foot-long, 0.1-foot-diameter solid plastic slug. The slug was lowered
and raised with polypropylene rope. A pressure transducer and a Hermit 1000 data logger recorded water

level data during the tests.

Prior to each slug test, the static water level was measured with an M-Scope electronic water level indicator.
The pressure transducer was placed in the well and allowed to equilibrate. After the water level had returned
to its static position, the slug was inserted into the well for the falling-head test. Water levels were measured
continuously by the pressure transducer and recorded by a data logger. After the water level recovered to
its static position, the water level was remeasured with the water level indicator, and the slug was withdrawn
from the well for the rising-head test. Water level measurements were logged and recorded in the same
manner as the falling-head test. Recovery plots and calculations are provided in Appendix C. Hydraulic
conductivity test results are discussed in Section 4.6.3.2.

2.4.5.2 Step-Drawdown Test
A step-drawdown test was conducted in well 2LPW1S to determine the optimum pumping rate for the aquifer
pumping test at the Area A Landfill. Drawdown and discharge measurements recorded during the

step-drawdown test were used to empirically determine an optimum yield and to determine the efficiency

of the well.

Pressure transducers and a Hermit 2000 data logger recorded water level data in the pumping test well and

all the observation wells, except 2LOWA4S, during the step-drawdown test. In addition, an In-situ pressure
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transducer and a Hermit 1000 data logger were used to record background trend data in monitoring well

2LMW18S. A submersible pump was used for groundwater pumping.

Prior to beginning the step-drawdown test, the pressure transducers and pump were placed in the welis and
allowed to equilibrate to the water temperature and pressure. The pump and data logger were started
simultaneously to begin the step-drawdown test. The initial pumping rate for pumping well 2LPW1S was
2.0 gallons per minute (gpm). The pumping rate'was stepped up to 4.1 gpm 194 minutes into the test. The
initial step-drawdown test was ended 244 minutes into the test, after pumping ceased as a result of pump
failure. A second step-drawdown test was begun with an initial pumping rate of 5.1 gpm. The pumping rate
was stepped up to 8.2 gpm at 100 minutes. The second step-drawdown test was ended at 300 minutes,
and the water level recovery was measured for an additional 1,000 minutes. Drawdown and recovery data
are provided in Appendix C.

Drawdown and recovery data were plotted against a logarithmic time-scale to identify a sustainable pumping
rate for the pumping test. These plots are provided in Appendix C. An optimum pumping rate of 2.0 gpm
was chosen for the pumping test.

Groundwater removed from the aquifer during the step-drawdown test was collected in an aboveground

contaminant tank and transported to an offsite disposal facility by Clean Harbors Environmental Services.

2.45.3 Aquifer Pumping Test

A 72-hour aquifer pumping test was conducted in the overburden materials in the northwest section of the
Area A Landfill to further evaluate the feasibility of pump-and-treat groundwater remediation. The aquifer
test design included one pumping well (2LPW1S) and five observation wells located at different distances
from the pumping well. The observation wells were installed to form two orthogonal radial lines from the
pumping well. Observation wells 2LOW1S and 2LOW3S were located 10 feet and 50 feet, respectively,
northeast of pumping well 2LPW1S. Observation welis 2LOW2S and 2LOW4S were located 20 feet and
100 feet, respectively, northwest of 2LPW1S. Observation well 2LOW1D was located 10 feet southwest of
2LPW1S. The pumping test well and all observation wells, except 2LOW1D, were screened in the surficial
water table aquifer. Observation well 2LOW1D was screened in a confined sandy unit below the clayey silt
layer that directly underlies the surficial water table aquifer. Drawdown rates in the observation wells were

used to study both time-drawdown and distance-drawdown relationships.

Pressure transducers and a Hermit 2000 data logger were used to record water level data logarithmically

in the aquifer pumping test well and all the observation wells with the exception of 2LOW4S. In addition,
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an pressure transducer and a Hermit 1000 data logger recorded background trend data linearly in
monitoring well 2LMW18S. A submersible pump was used to pump groundwater and produce the

drawdown in the aquifer.

Monitoring wells 1MW2S, 2LMW7S, 2LMW7D, 2LMW8S, 2LMW8D, 2L MW9S, 2LMWSD, 2LMW13S, 2LMW13D,
2LMW18S, 2LMW18D, 4AMW?2S, 4MW3S, 4MW4S, and 4MW4D served as additional observation wells during
the aquifer pumping test. Monitoring wells 1MW2S, 2LMW7S, 2LMW8S, 2LMW9S and 2LMW13S provided
water level measurements at distances greater than 200 feet from the pumping well. Water level
measurements in monitoring wells 2LMW7D, 2LMwWaD, 2LMW13D, and 4MW2S, 4MW3S, 4MW4S, and
4MW4D (screened in the bedrock aquifer) were obtained to evaluate the hydraulic interconnection between
the overburden aquifer and the bedrock aquifer. Monitoring well 2LMW18S was monitored to assess

background variations of hydraulic head in the overburden aquifer.

After a pumping rate of 2.0 gpm was selected based on the results of the step-drawdown test and the water
levels within the pump test well cluster had returned to static levels, a 72-hour constant rate aquifer pumping
test was conducted. Prior to beginning the aquifer pumping test, static water level measurements were
taken in the pumping test well, the observation wells, and the additional monitoring wells. The pump and
data logger were started simultaneously to begin the aquifer pumping test. The pumping discharge rate was
measured repeatedly at the beginning of the test to set the desired flow rate, then once every half hour for
the duration of the test. Necessary adjustments were made to maintain the pumping rate constant at
2.0 gpm. Manual water level measurements in the pumping test well, the observation wells, and the
additional monitoring wells were obtained at least once every 3 hours to verify the data logger
measurements in the pumping test well and observation wells and to measure drawdown in the additional
monitoring wells. Recovering water levels were recorded after the pump was turned off. Aquifer pumping
test data, plots, and calculations are provided in Appendix C.

Groundwater removed from the aquifer during the pump test was collected in an aboveground contaminant

tanks and transported and disposed at an offsite facility by Clean Harbors Environmental Services.
25 SURFACE WATER AND SEDIMENT INVESTIGATIONS

This section describes the surface water and sediment sampling and analysis procedures conducted during
the Phase Il Rl at NSB-NLON.
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2.5.1 Sampling Procedures

A total of 52 surface water samples was collected during one sampling round and the samples were
analyzed for various constituents. Surface water samples and analyses are identified in sample summary
tables included in Sections 5.0 through 17.0. Surface water samples were collected by direct bottle fill in
accordance with Atlantic SOP 1022,

A total of 75 sediment samples was collected during one round of sampling and an additional sediment
sample was collected in a second round of sampling. Of the 76 total samples collected, 29 samples were
field analyzed with a portable GC for pesticides and PCBs, 4 of the 29 samples field screened with the
portable GC and the remaining 47 of the 76 samples were sent for laboratory analyses. Sediment samples
and analyses are provided in sample summary tables included in Sections 5.0 through 17.0. Sediment
samples were collected with stainless-steel trowels in accordance with Atlantic Procedure 1022. All samples
were discrete (grab) samples.

2.5.2 Analytical Procedures

Fixed-base laboratory analyses and field screening methods were used for the Phase |l Rl surface
water/sediment investigation. The fixed-base and field methods are discussed in Sections 2.5.2.1
and 2.5.2.2, respectively.

2.5.2.1 Fixed-Base Laboratory

The following fixed-base laboratory analytical methods were employed for the Phase |l Rl surface water and
sediment sampling program at NSB-NLON:

e Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCBs were analyzed in
accordance with the EPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration
(Document Number OLM01.8).

e  Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were
analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media,

Multi-Concentration (Document Number ILM02.1). Surface water samples were submitted for
analysis of total and dissolved metals. Samples submitted for dissolved metals were field filtered

before shipment to the laboratory.
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Additional analyses were also completed for surface water samples as follows:

e  Engineering Parameters: BOD was analyzed by Method 405.1; COD was analyzed by Method
410.2; TOC was analyzed by Method 415.1; oil and grease was analyzed by Method 413.1; TSS
were analyzed by Method 160.2; ammonia was analyzed by Method 350.2; total phosphorus was
analyzed by Method 365.1; and hardness was analyzed by Method 130.1. All of the
aforementioned methods are from Methods for the Analysis of Water and Wastes
(EPA-600/4-79-020).

In addition, sediment samples were analyzed for the following parameters:

. Dioxins were analyzed in accordance with using the EPA CLP SOW for Dioxin Analysis
Multi-Media, Multi-Concentration Document Number DFLM01.0.

e  Toxicity Characteristic Leaching Procedures (TCLP) was performed in accordance with
SW-846 Method 131 1, followed by SW-846 Methods 8240, 8270, 8080, 8150, and the 7000 series

(volatile organics, semivolatile organics, pesticides, herbicides, and metals, respectively.)

® Engineering Parameters: grain size distribution was tested by ASTM D422; moisture content

was measured by ASTM D2216; specific gravity was measured by ASTM D854; organic content
was measured by ASTM D2974; pH was measured by SW-846 Method 9045; CEC was measured
by SW-846 Method 9081; and TOC was analyzed by the Walkley-Black Procedure from Methods
of Soil Analysis Part 2 - Chemical and Microbiological Properties.

The surface water and sediment samples collected were analyzed for various analytical parameters at each
of the study areas. A more detailed discussion of the analytical program specific to each study area is

included in subsequent sections of this Rl report.

Engineering parameter analyses of sediment samples were performed by the Halliburton NUS Laboratory
in Pittsburgh, Pennsylvania and by Geotesting Express in Concord, Massachusetts. All other surface water

and sediment sample analyses were performed by Southwest Laboratory of Oklahoma in Broken Arrow,
Oklahoma.
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25.22 Sediment GC Screening

Sediment samples from the Area A Wetland and Downstream Watercourses were field screened for
pesticides via gas chromatography. The sediment field screening was conducted using a Hewlett-
Packard HP5890 Series Il portable GC, a glass column (1.8-m by 1/4-inch outside diameter) packed with
1.5% SP-2250/1.95% SP-2401 on 100/120 mesh Supelcoport, and a dual Electron Capture Detector (ECD).
Ultra-high-purity nitrogen was used as carrier gas and make up for the ECD. Halliburton NUS Corporation
Close Support Laboratory SOP No. CSL07 (Organochlorine Pesticides Analysis - Solid Matrix) was followed.

Daily GC settings were as follows: isothermal oven temperature - 215°C; injection port temperature - 300°C;
detector temperature - 350°C; flow rate - 70 mL/min (ultra-high-purity nitrogen carrier); injection volume -

2 plL; run time - 15 minutes. The following standards were used:

o A commercially prepared pesticide performance evaluation mixture contained varying known
concentrations of alpha-BHC, heptachlor, gamma-BHC, endosulfan I, dieldrin, endrin, 4,4’-DDT,
4,4'-DDD, 4,4-DDE, beta-BHC, aldrin, heptachlor epoxide, 2,4’-DDD, and 2,4'-DDT.

] Commercially prepared standards were diluted in iso-octane at three concentration levels
(10 ng/mL, 100 ng/mL, 200 ng/mlL); Pesticide Standard Solution A contained alpha-BHC,
heptachlor, gamma-BHC, endosulfan I, dieldrin, endrin, 4,4'-DDT, 4,4’-DDD, and methoxychlor;
Pesticide Standard Solution B contained beta-BHC, delta-BHC, aldrin, heptachlor epoxide, alpha-
chlordane, gamma-chlordane, 4,4'-DDE, endosulfan sulfate, endrin aldehyde, endrin ketone, and

endosulfan Il.

& A surrogate spiking solution of decachlorobiphenyl and tetrachloro-m-xylene at concentrations

of 200 ug/mL each diluted in iso-octane to a on-column concentration of 20 ng; a matrix spiking
solution of 4,4'-DDT at a concentration of 200 ug/mL diluted in iso-octane to a on-column

concentration of 20 ng.

Remaining aspects of sediment analysis (e.g., column flushing, percent moisture corrections) were equivalent

to those used for soil field screening as previously discussed in Section 2.3.2.3.

Thirty-three samples were collected from the Area A Wetland and Downstream Watercourses. Sample

locations and analytical results for these sites are summarized in subsequent sections of this Rl Repon.
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2.6 AIR INVESTIGATION

An air monitoring program was conducted to measure indoor air quality in the Nautilus Museum at the Goss
Cove Landfill.

2.6.1 Sampling Procedures

During the Phase Il RI, a total of 12 air samples were collected during two sampling rounds inside and
outside the Nautilus Museum to provide indoor and background air quality information. Samples were
collected by drawing ambient air through glass tubes containing Tenax® adsorption media using air sampling
pumps at flow rates of approximately 85 to 100 L/min. Samples were collected in accordance with the
USEPA T01 method and Atlantic Procedure No. 1256D. All samples were analyzed for volatile organic

compounds.

2.6.2 Analytical Procedures

Air samples, collected at Goss Cove Landfill on Tenax tubes, were analyzed for VOCs via Method T01 from
Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air
- (EPA 600/4-84-041). This method involves GC adsorption followed by analysis by GC/MS which identifies
volatile, nonpolar organic compounds (i.e., aromatic and chlorinated hydrocarbons) having boiling points
in the range of 80°C to 200°C.

2.6.3 Supplemental Air Sampling

In evaluating the potential environmental risks at the Nautilus Museum in the Draft Phase Il Rl Report, several
exposure scenarios were evaluated. The exposure scenarios for which the highest risk from air were
calculated were the full-time museum employee and the construction worker exposure scenarios. Upon
review of the previous two rounds of air sampling, it was felt that the previous sampling technique may not
have been the most appropriate for providing information for evaluation of exposure to a worker since the
samples were taken over a short time period. A third round of air sampling was therefore performed to more
accurately estimate worker exposure. The air sample collection and analysis in the third round of sampling
were done in accordance with National Institute for Occupational Safety and Health (NIOSH) methodology,

since this methodology is most commonly used to evaluate safe working conditions.

Four air samples were collected plus one field duplicate. Three samples were taken inside the Nautilus

Museum and the fourth sample was taken outside the Museum near the outside exhibits. The air sample
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outside the building was taken to provide a measure of the ambient air quality. The samples were collected
over a 7-8 hour time period, to match a worker-type exposure scenario. Constant volume sampling pumps
operating at a nominal flow rate of 100 mL/minute were used to collect the samples. For each sample
location, three sample tubes were used; one tube filled with Anasorb sampling media for the 2-butanone
sample, and two tubes in series filled with coconut charcoal for the remaining chemicals being analyzed.
Two tubes were used in series (the same air drawn through both tubes) in case of breakthrough of
chemicals in the first tube.

2.7 ECOLOGICAL INVESTIGATIONS

Ecological investigations were conducted at NSB-NLON to assess ecological quality and define the nature
and extent of impacts to ecological receptors. Surface water and sediment samples were collected from
the Thames River and Goss Cove in 1993 in support of the Phase Il Rl. Following a preliminary review of
these data, it was determined that elevated concentrations of chemicals were present and additional data
were needed to supplement the existing data. In addition, review of ecological data collected during the
Phase | Rl and Focused Feasibility Study investigations in the Area A Downstream Watercourses/OBDA site
indicated that elevated concentrations of chemicals were also present at this site. Additional data were also
necessary to better define the risks to ecological receptors inhabiting this site portion at NSB-NLON. In
response, Phase || Supplemental Ecological Investigations were conducted in 1995 in the Thames River,
Goss Cove, as well as on the waterbodies within the Area A Downstream Water Courses/OBDA site.
Methods used to collect and analyze samples during the Phase Il Rl and Phase Il Rl Supplemental
Ecological Investigations are summarized in this section. The specific details for the supplemental sampling

methods are found in the Work Plan for Thames River Ecological Sampling (HNUS, 1995q).

2.7.1 Sampling Procedures

The sampling methodologies used to collected ecological samples for the Phase Il Rl and Phase Il Rl

Supplemental Ecological Investigations are summarized in this section.

2.7.1.1 Phase Il RI

Surface water and sediment samples were collected in 1993 from the Thames River and Goss Cove as part
of the Phase Il Rl. These samples were collected, in part, to identify potential risks to ecological receptors
that are exposed to chemicals transported from NSB-NLON to the river and the cove. In several areas along
the western edge of NSB-NLON, chemicals were detected in groundwater and could be transported via

groundwater flow into the Thames River and Goss Cove. In addition, chemicals have been detected in
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various media within the Area A Downstream Watercourses/OBDA. These chemicals may be transported
to the river via two small streams in either a dissolved form or adsorbed to particulates. Methods used to

collect surface water and sediment samples from the Thames River and Goss Cove are described below.

Surface Water Sampling

Surface water samples were collected with a 4-liter Kemmerer bottle from eight Thames River stations on
December 17 and 18, 1993. Sampling stations were located by line of site to topographic features along
the shore. At six of the eight stations, samples were collected from the surface and from approximately 0.5
meter above the bottom of the river bed. However, water was relatively shallow at two nearshore stations
and only a surface sample was collected at these locations. Samples were stored in labeled sample
containers and shipped overnight to an analytical laboratory. Samples collected from the Thames River and
Goss Cove were analyzed for three sets of parameters: 1) chemical analysis for TCL VOCs, TCL SVOCs,
TCL pesticides/PCBs, TAL metals, cyanide, and boron; 2) engineering parameters (TOC and total suspended
solids); and 3) field water quality parameters (salinity, temperature, dissolved oxygen, Secchi disc readings,
and turbidity). Vertical profiles were recorded at each sampling station for salinity, temperature, dissolved
oxygen, and turbidity. In addition, samples were collected to determine the concentration of dissolved

metals. Analytical procedures are discussed in Section 2.7.2.

Sediment and Macroinvertebrate Community Sampling

Sediment and macroinvertebrate community samples were collected from 16 stations on the Thames River
between November 9 and 12, 1993. Sediment samples were also collected from 5 locations in Goss Cove
during this period. Sampling stations were located by line of site to topographic features along the shore.
In addition, Loran coordinates were recorded at each station. Samples were collected with a 0.05 square
meter Kynar-coated modified Van Veen grab and transferred to sample bottles with clean stainless steel
scoops. Samples were stored in labeled sample containers and shipped overnight to a laboratory for
analysis. Sediment samples collected from the Thames River and Goss Cove were analyzed for two sets of
parameters: 1) chemical analysis for TCL SVOCs, TCL pesticides/PCBs, TAL metals, cyanide, and boron;
and 2) engineering parameters (TOC, grain size, moisture content, specific gravity, organic content, cation
exchange capacity, and pH). In addition, one sample collected from the Thames River near Goss Cove was

analyzed for TCL VOCs. Analytical procedures are discussed in Section 2.7.2.

Samples to characterize the macroinvertebrate community were coliected from each Thames River station.

These samples were collected in triplicate with a Van Veen grab sampler. Samples were rinsed through a
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500 micron mesh size sieve, preserved with 10 percent formalin, and then sent to a laboratory for taxonomic

analysis.

Thames River Caged Mussel Study

A caged mussel study was conducted in the Thames River in the vicinity of NSB-NLON to evaluate
bioaccumulation of contaminants from the river. Caged ribbed mussels (Geukensia demissa) were deployed
in the Thames River in the vicinity of NSB-NLON from November 5, 1993 to December 3, 1993. The ribbed
mussels were supplied by the University of New Hampshire’s Jackson Estuarine Laboratory. They collected
the mussels from Great Bay, New Hampshire. This study employed ribbed mussels instead of blue mussels
(Mytilus edulis) because they are tolerant of wider ranges of salinity and the mussels were deployed in
surface waters with lower salinity. Surface water salinity ranged from 6.7 t0 9.5 ppt at the time the mussels
were retrieved. Ribbed mussels are similar to blue mussels in their ability to accumulate contaminants such
as PCBs (Nelson et al., in press). The deployment methodology used was similar to that developed by the
USEPA Environmental Research Laboratory (ERL) in Narragansett, Rhode Island and used at the Naval
Construction Battalion Center in Davisville, Rhode Island (Munns et al., 1991). Approximately 30 mussels
were deployed per cage, and two cages were deployed per station. One of the deployed replicates was
vandalized; therefore, duplicate data are not available from that station. Two sets of thirty undeployed ribbed

mussels were sent for chemical analysis as a control set.

Deployment was nearshore in the less saline surface layer (but deep enough for these mussels to remain
submerged at low tide). Station locations were selected to be near potential source areas at NSB-NLON
where contaminants could reach the river via groundwater flow. An upstream and downstream location was
also selected. Mussels were deployed for 28 days to measure bioaccumulation of contaminants. Most
organic contaminants reach an equilibrium concentration in bivalve shellfish within thirty days (Nelson, 1994).
Although metals can take longer to reach an equilibrium concentration, enough uptake will occur within 28
days to result in a measurable difference between deployed and control mussels if metals are elevated in
surface water (Nelson, 1994).

After 28 days, the mussels were retrieved. None of the mussels appeared dead upon retrieval. The mussels
were frozen and shucked semi-frozen. The shucked mussels from each cage were pooled to form one
sample per cage (two samples per station) and sent frozen on dry ice to the analytical laboratory. The
following analyses were performed on these samples: TCL SVOCs, TCL pesticides/PCBs, and TAL metals.
Analytical procedures are discussed in Section 2.7.2.
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Thames River Native Bivalve Shellfish Collection

Native blue mussels (Mytilus edulis), oysters (Crassostrea virginica), and hardshell clams (Mercenaria
mercenaria) were collected with an oyster dredge from the Thames River on November 18, 1993. This
sampling was performed under scientific collection permit 400 S/R from the Connecticut Department of
Agriculture and Permit No. 231 from the CTDEP. Sample locations were selected to reflect contaminant
concentrations in native populations and, incidentally, to provide data for the human health risk assessment.
Sufficient individuals were collected to comprise three mussel samples, four oyster samples, and three clam
samples. These locations were located either upstream or opposite from NSB-NLON. Sampling locations
were limited due to the natural distribution of shellfish in the river. Additional blue mussels were collected
December 18, 1993 from pilings at NSB-NLON. Samples were collected by scraping the surface of the
pilings with a clam rake. Two of these samples came from the Lower Subase and a third came from the
Nautilus Museum near the Goss Cove landfill. These locations were selected to reflect concentrations in
native bivalves in the immediate vicinity of NSB-NLON.

The native bivalve shellfish collected in November were shucked fresh; samples collected in December were
frozen and shucked semi-frozen. All tissue samples were sent frozen on dry ice to the analytical laboratory
and analyzed. These samples were analyzed for TCL SVOCs, TCL pesticides/PCBs, and TAL metals.

Analytical procedures are discussed in Section 2.7.2.

Thames River Blue Crab Collection

Based on a request from the public made at a Technical Review Committee meeting, two separate attempts
were made to collect blue crabs (Callineptes sapidus) for chemical analysis. Discussions with marine
biologists at the University of Connecticut Avery Point campus and the U.S. Coast Guard Academy and with
local fishermen indicated that blue crabs are periodically abundant in the Thames River, typically in the
months of July and August. However, their presence in numbers in the river is dependent on many factors

such as weather and water temperature.

On November 11 and 12, 1993, lobster traps were set in five locations in the river to collect blue crabs.
These were set in locations where crabs have been found previously (off from Long Cove and south of
Mamacoke Cove; Toldelund, 1975, 1993) and locations near NSB-NLON (off of DRMO and Goss Cove
landfill). The traps were placed in the river on November 11, checked during the day, and retrieved on

November 12, 1893. No blues crabs were present in these traps.
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An additional attempt was made to collect blue crabs between 14:00 and 20:00 hours on July 11, 1994.
A line of six crab pots baited with chicken necks and menhaden were set in a variety of locations, including
off Long Cove, south of Mamacoke Cove, and areas downstream and across from NSB-NLON. One blue

crab was caught during this effort but was not sent to the analytical laboratory because it provided

insufficient tissue for analysis.

2.7.1.2 Phase Il Supplemental Ecological Investigations

As discussed previously, preliminary examination of samples collected from the Area A Downstream
Watercourses/OBDA, Thames River, and Goss Cove in support of the Phase | and Phase Il Ris indicated
that elevated chemicals were present in these areas and additional data were necessary to determine if
ecological receptors were at risk. These additional data were collected during the Phase Il Rl Supplemental
ecological investigations. Data generated as a result of this sampling effort included chemical analyses of
surface water (Area A Downstream Watercourses/OBDA) and sediments (Area A Downstream
Watercourses/OBDA, Thames River and Goss Cove), a macroinvertebrate community survey (Area A
Downstream Watercourses/OBDA), sediment toxicity tests (Area A Downstream Watercourses/OBDA,
Thames River and Goss Cove), and analyses to determine levels of AVS/SEM present in sediments (Thames
River and Goss Cove).

Thames River and Goss Cove

Sediment samples were collected from 11 locations in the Thames River and Goss Cove to better define the
impact of the NSB-NLON on the Thames River ecosystem. Four of these locations had been sampled
previously during the Phase Il RI. In addition to these four locations, seven new locations were also sampled
during the Phase. Il Supplemental ecological investigations. Sediment collected from one of the stations
upstream of NSB-NLON was used as the reference sediment for sediment toxicity tests performed on these
samples. The sediment at the remaining 10 locations was considered to be potentially contaminated. A
Global Positioning System (GPS) included on the watercraft was used to locate the ten sampling stations
in the Thames River.

Sediment samples collected from the Thames River and Goss Cove were analyzed for five different sets of
parameters: 1) chemical analysis for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, cyanide,
and boron; 2) Ampilesca abdita and Leptocherius plumulosus sediment toxicity tests; 3) SEM/AVS; 4)
engineering parameters (TOC and grain size analysis); and 5) field water quality parameters (pH, dissolved
oxygen, specific conductivity, temperature, turbidity, and salinity). Analytical procedures are summarized
in Section 2.7.2.
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-All sediment samples were collected using a boat, a modified 0.01m? teflon-coated Van Veen sampler,
stainless-steel trowels, and mixing bowis. A multi-parameter water quality meter was used to record the
temperature, pH, DO, specific conductivity, turbidity, and salinity of water near the sediment-water column
interface at each location. Once these measurements were completed, a composite sediment sample was
collected and discrete samples were collected from the composite sample using stainless-steel trowels,
packaged, and shipped to a laboratory to be analyzed for all parameters with two exceptions. The sediment
samples to be analyzed for TCL VOCs and AVS/SEM were taken from the first sediment sample collected
at a station and not from the composite sample. This technique was necessary to limit volatilization of the
VOCs in the sediment sample and aeration of the sample for AVS/SEM analysis. Methods used to obtain

samples for these analyses are described below.

Procedures outlined in Draft Analytical Method for Determination of Acid Volatile Sulfide in Sediment

(USEPA, 1991a) and Equilibrium Partitioning Approach to Predicting Metal Bioavailability in Sediments and
the Derivation of Sediment Quality Criteria for Metals (USEPA, 1994q) provided the basis for AVS/SEM

sample collection, analysis and evaluation. The sulfide ion is unstable in the presence of oxygen; therefore,

sediment samples collected for AVS/SEM analysis had to be protected from exposure to oxygen during
sampling and storage. The sample was obtained directly from the Van Veen sampler to minimize
disturbance and aeration of the sediment. The sample was placed in a wide-mouth glass jar with no
headspace and capped with a teflon-lined lid. Teflon tape was then wrapped around the lid to seal it and
reduce the possibility of air leaks. The samples were immediately cooled to 4°C. According to USEPA
(1991a), sediment samples maintained at 4°C have not exhibited a significant loss of AVS for storage periods
of up to 2 weeks. The samples were shipped overnight at 4°C to the laboratory for immediate processing

to minimize potential exposure to the atmosphere.

Methods outlined in Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated
Contaminants with Estuarine and Marine Amphipods (EPA 600/R-94/025) (USEPA, 1994b) served as the

basis for collection and handling methodology for samples used in the sediment toxicity tests. As discussed

above, one of the upstream sample locations served as the source of reference sediment used in these
tests. A Van Veen sampler was used to collect enough volume of sediment from the reference location so
that one toxicity test could be run in conjunction with toxicity tests conducted on sediment samples
collected from potentially contaminated locations (i.e., the other ten sampling stations). Additional sediment
was collected at the reference station so that if a problem occurred during the testing procedure, the
reference sediment could be reevaluated. One to three Van Veen samples were collected from each of the

11 sampling locations and composited to obtain enough sediment to conduct the toxicity tests.
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Area A Downstream Watercourses/OBDA

Seven waterbodies in the Area A Downstream Watercourses/OBDA site and three waterbodies in reference
areas were sampled as part of the freshwater portion of the Phase Il Supplemental ecological investigation.
Surface water and sediment samples were taken from the following Area A Downstream Watercourses and
reference waterbodies: Upper Pond, Lower Pond, OBDA Pond, the stream that enters the Upper Pond
(Stream 4), three separate streams below the ponds and OBDA (i.e., Stream 1, Stream 2, Stream 3), two
reference ponds (Niantic Pond and Pequot Woods Pond), and a reference stream (Fishtown Brook). Three
sampling stations were located in each water body except for Fishtown Brook which only had two. This

resulted in a total of 29 sampling stations.

The reference stream and reference ponds were selected based on their similarity to the ponds and streams
in Area A Downstream Watercourses/OBDA. Parameters considered in selecting these reference areas
included substrate, morphology, vegetation, current velocity, stream size, water temperature, pH, and
dissolved oxygen (DO) levels. Reference locations were located away from known sources of contamination
to provide adequate data on background concentrations of contaminants and baseline information on

benthic communities. The reference locations were determined by the Navy, USEPA, and BRE.

Niantic Pond was selected to provide reference information for the Lower Pond. The Pequot Woods Pond
served as the reference site for Upper Pond and OBDA Pond. The upstream portion of Fishtown Brook
(Fishtown Brook 28) has a predominantly sandy sediment and was selected as the reference location for
Streams 3 and 4. The downstream portion of Fishtown Brook (Fishtown Brook 29), contains a rich, organic

sediment and served as the reference site for Streams 1 and 2.

The samples collected from the ten surface waterbodies (7 waterbodies from the Area A Downstream
Watercourses/OBDA and 3 reference locations) were analyzed for several sets of parameters:
1). macroinvertebrate taxonomy (sediment samples only); 2) chemical analysis for TCL VOCs, TCL SVOCs,
TCL pesticides/PCBs, TAL total and dissolved metals, cyanide, and boron (surface water and sediment
samples), and hardness (surface water samples only); 3) Chironomus tentans and Hyalella azteca sediment
toxicity tests (sediment samples only); 4) frog embryo/larval sediment toxicity tests (sediment samples only);
5) engineering parameters (total suspended solids TSS, TOC, and grain size analysis; sediment samples);
and 6) field water quality measurements (temperature, pH, DO, specific conductivity, and turbidity; surface

water).

Both quantitative and qualitative samples were collected from the ten waterbodies (29 sampling locations)

to characterize the macroinvertebrate community. Four rounds of macroinvertebrate samples were collected
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from the waterbodies. Samples were taken during four evenly spaced sampling rounds, beginning the
second week of March 1995 and continuing through the last week of June 1995. The intent of the multiple
sample rounds was to provide an adequate representation of macroinvertebrate species present in each
waterbody. Macroinvertebrate Field and Laboratory Methods for Evaluating the Biological Integrity of

Surface Water (USEPA, 1990) served as the basis for the macroinvertebrate sample collection. In addition,

surface water samples were collected during each round for TSS analysis at all 29 sampling locations.

Quantitative sampling was conducted with a petite ponar dredge sampler. The intent of the ponar sampling
was to collect representative samples of macroinvertebrates present within the consolidated sediment.
Ponar sampling was conducted at each station on all waterbodies. Ponar samples were taken from three
sampling stations in each of the ponds and streams located in the Area A Downstream Watercourses/OBDA.
The reference stream was sampled at two sampling stations. A total of 23 monthly ponar samples (3
stations x 9 waterbodies + 2 stations x 1 water body = 29) were collected. At each of the ponar sampling
stations, one sample was created by compositing three separate samples. For the entire sampling period,
a total of 116 samples had been planned (29 sample locations x 4 months of sampling = 116); however,
during the June 1995 round of sampling, some locations (one in the Upper Pond and all three from

Stream 2) had dried out and could not be sampled. Consequently, only 112 samples were collected.

During each of the four monthly sampling rounds, one dip-net sample was collected for 10-man minutes
from each of the three onsite ponds and from the two reference ponds. A total of 20 dip-net samples was
collected (5 pond locations x 4 sampling rounds = 20 total dip-net samples). Dip-net sampling was
intended to provide samples of macroinvertebrates present in other types of substrates associated with low
energy environments (i.e., leaf material, sticks, twigs, etc.) not captured with the ponar sampler. One dip-net

sample station was collected at each pond during each monthly sample round.

Macroinvertebrate sample processing followed ASTM (1985). After collection, samples were washed through
a U.S. Standard No. 30 sieve (cobble and larger debris such as rocks and leaves were examined for clinging
organisms) and the invertebrates placed in a sample container. Samples were preserved with 70% ethanol.
Sample bottles were labeled and sent to the laboratory, where the organisms were identified to genus.

To determine the level of contaminants present in each water body, one round of sediment and surface
water samples were collected for laboratory chemical analysis from each of the 29 sampling stations. A total
of 29 surface water and 29 sediment samples were collected. Samples were collected in April 1995. All 29
surface water and sediment samples were analyzed for TCL pesticides. Eleven of the surface water and
sediment samples (one from each water body except Fishtown Bfook which had 2 samples) were analyzed

for TCL VOCs, TCL SVOCs, TCL PCBs, TAL total and dissolved metals, cyanide, boron, TOC (sediment
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only), grain size (sediment only), TSS (surface water only) and hardness (surface water only), in addition
to TCL pesticides.

Surface water samples were collected by direct bottle fill in accordance with Atlantic Procedure 1022.

Sample bottles were labeled and shipped to a laboratory for analysis. Field measurements were taken by
submerging the probe in the surface water, and the sample for TSS analysié was collected by submerging
the sample container. All field measurements and surface water samples for TSS and chemical analysis
were collected prior to disturbing the sediments. Samples were collected from downstream to upstream

to prevent potential cross-contamination.

A petite ponar dredge was used to collect enough volume of sediment from each location so that chemical
analyses and macroinvertebrate toxicity tests could be performed. This required that several ponar samples
of sediment be collected and composited. Sediment samples were collected from the same locations used
to characterize the macroinvertebrate community in each waterbody. These samples were transferred to

sample containers with stainless-steel trowels and shipped to the appropriate laboratory for analysis.

To determine if exposure to toxic materials associated with Area A Downstream Watercourses/OBDA
sediments may have adversely impacted freshwater macroinvertebrates, samples of sediment collected from
each water body were collected for toxicity tests on Chironomus tentans and Hyalella azteca. These
organisms were selected because they are the best overall indicators of toxic sediments owing to their direct
contact with sediment, knowledge of their sensitivity, and proven effectiveness of assays. A total of 11
sediment samples were collected, seven paotentially contaminated sediments and four reference sediments.
Samples were taken during the second round of the macroinvertebrate sampling in April 1995, when
samples for chemical analysis were collected. Mortality and growth served as test endpoints. One
laboratory control sediment was included for each test organism to judge the overall acceptability of the

tests, resulting in two laboratory control tests with eight replicates per each control.

To evaluate any adverse impacts of contaminants associated with Area A Downstream Watercourses/OBDA
sediments on sensitive amphibian life stages samples of sediment were collected for modified FETAX (Frog
Embryo Tetratogenesis Assay-Xenopus) testing from each water body. These organisms (Xenopus laevis)
were selected because they are most likely to be representative of indigenous species present in these
systems. A total of 11 sediment samples were collected (10 water bodies, two sampling locations on
reference stream). Samples were taken during the second (April 1995) round of the macroinvertebrate
sampling when samples for chemical analysis are collected. ASTM Method 1438-91 and Bantle et al., 1991
were reviewed prior to the collection of samples and served as the basis for methodologies used to perform

these tests, unless otherwise stated.
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Analytical Procedures

The analytical procedures employed for the Phase Il Rl and Phase Il Rl Supplemental ecological

investigations are described in this section.

2,7.2.1

Phase Il Rl

The following fixed-base laboratory analytical methods were employed for surface water and sediment

samples collected in support of the NSB-NLON Phase Il Rl ecological investigations performed on the

Thames River and Goss Cove:

Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed
in accordance with the USEPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration
(Document Number OLM01.8).

Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were
analyzed by the USEPA CLP SOW for Inorganic Analysis Multi-Media, Multi-Concentration

(Document Number ILM02.1). Surface water samples were submitted for analysis of total and

dissolved metals. Samples submitted for dissolved metals were field filtered before shipment to

the laboratory.

In addition, sediment samples were analyzed for the following parameters:

D-01-95-10

'Engineering Parameters: grain size distribution tested by ASTM D422; moisture content

measured by ASTM D2216; specific gravity measured by ASTM D854; organic content measured
by ASTM D2974;, pH measured by SW-846 Method 9045; CED measured by SW-846
Method 9081; and total organic carbon (TOC) analyzed by the Walkiey-Black Procedure from
Methods of Soil Analysis Part 2 - Chemical and Microbiological Properties.

Quantitative Benthic Survey (Macroinvertebrate Community Analyses) Organisms were

sorted in the laboratory and examined using an illuminated stereomicroscope. Following species-

level identification (when possible), organisms were returned to a labelled vial for storage.

The taxonomic data generated from these samples were used to calculated the following

macroinvertebrate metrics:
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° Number of Taxa

] Total Number of Individuals

e  Shannon-Weaver Diversity Index

° Indicator Species

e  Bray-Curtis Index

e  Expected Number of Taxa

e  Statistical Analyses of Benthic Community Parameters

In addition to analyses performed on surface water and sediments, shellfish tissues collected from the
Thames River were also analyzed. Following homogenization in the laboratory, the following fixed-base
laboratory analytical methods were employed for the analysis of shellfish tissues collected in support of the
Phase Il Rl ecological investigations at NSB-NLON:

e  Target Compound List (TCL) SVOCs, and pesticide and PCB compounds via the USEPA CLP
SOW for Organic Analysis Multi-Media, Multi-Concentration (Document Number OLM01.8).

e  Target Analyte List (TAL) inorganics (metals) by the USEPA CLP SOW for inorganic Analysis
Multi-Media, Multi-Concentration (Document Number 1LM02.1).

Engineering parameter analyses of sediment samples were performed by the Halliburton NUS Laboratory
in Pittsburgh, Pennsylvania. Surface water and sediment sample analyses were performed by Southwest
Laboratory of Oklahoma, in Broken Arrow, Oklahoma, with the exception of the macroinvertebrate taxonomy,

which was performed by Cove Corporation, in Lusby, Maryland.

2.7.2.2 Phase |l Supplemental Ecological Investigations

This section summarizes the analytical procedures employed for surface water and sediment samples
collected in support of the NSB-NLON Phase Il RI ecological investigations performed on the Thames River,

Goss Cove and the Area A Downstream Watercourses/OBDA.

Thames River and Goss Cove

The following fixed-base laboratory analytical methods were employed for sediment samples collected from
the Thames River and Goss Cove in support of the Phase Il Rl Supplemental ecological investigations at
NSB-NLON:
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o  Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed
in accordance with the USEPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration
(Document Number OLMO01.8).

e  Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte [boron]) were

analyzed in accordance with the USEPA CLP SOW for Inorganic Analysis Multi-Media,

Multi-Concentration (Document Number {LM02.1).

In addition, sediment samples were analyzed for the following parameters:

e  Engineering Parameters: grain size distribution was tested by ASTM D422 and TOC was
~ analyzed by the Walkley-Black Procedure from Methods of Soil Analysis Part 2 - Chemical and

Microbiological Properties.

e  Acid Volatile Sulfide/Simultaneously Extracted Metals: Acid Volatile Sulfide (AVS) and
Simultaneously Extracted Metals (SEM) were analyzed using procedures outlined in USEPA
(1991a), Draft Analytical Method for Determination of Acid Volatile Sulfide in Sediment. SEM

analysis had originally been planned for the following parameters, zinc, copper, cadmium, lead,

antimony, mercury, chromium, and nickel. However, SEM analysis for antimony were not
performed. Based on information contained in USEPA, 1991a, SEM concentrations of zinc,
copper, cadmium, lead, mercury, chromium, and nickel were going to be compare to
concentrations of AVS. However, more recent USEPA guidance (USEPA, 1994g) now only
recommends that SEM concentrations of copper, cadmium, lead, nickel, and zinc be compare
to AVS. Therefore, although SEM concentrations of mercury and chromium were measured,

these values were not included in subsequent evaluation of these data.

The molar concentrations of SEM bivalent metals were compared to molar concentrations of AVS

using the following equation:

[AVS] = [AVS] - [SEM]

where: [SEM] is the sum of the molar concentrations of cadmium, copper, lead, nickel, and

zinc and [AVS] is the molar concentration of acid volatile sulfide.

® Estuarine Sediment Toxicity Tests: Estuarine toxicity testing were performed using Ampelisca

abdita and Leptocheirus plumulosus as test organisms. Methods outlined in EPA 600/R-94/025,
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Methods for Assessing the Toxicity and Bioaccumulation of Sediment-associated Contaminants
with Estuarine and Marine Amphipods (USEPA, 1994b), served as the basis for methodology for
the performance of the 10-day sediment toxicity tests. Mortality served as the test endpoint.

The resuits of tests conducted on samples collected adjacent to and downstream of NSB-NLON

were compared to the appropriate upstream reference location. In addition, one laboratory
control sediment was included for each test organism to judge the overall acceptability of the
tests.

The following describes the A. abdita test system:

®  The test method used was EPA/600/R-94/025 Method 100.2. This was designed as a 10-day
Pass/Falil test consisting of a control and one sample treatment. Each treatment replicate
consisted of 175 mL of sediment and 800 mL of dilution water. There were eight replicates for
each treatment. Twenty test organisms were placed in each replicate. Sediment from the
upstream reference location were used in the control treatments. Test organisms were fed
Tetrafin. The test was conducted at a temperature of 20°C and a light cycle of 16 hr light/8 hr
dark. Test vessels were 1 L borosilicate beakers placed in a constant temperature incubator
room (ETT Environmental, 1995).

The following describes the L. plumulosus test system:

® The sediment toxicity tests were conducted according to USEPA protocols set forth in
EPA/600/R-94/025 Method 10012. This was designed as a 10-day Pass/Fail test consisting of
a control and one sample treatment. Each treatment replicate consisted of 175 mL of sediment
and 800 mL of dilution water. There were eight replicates for each treatment. Twenty test
organisms were placed in each replicate. Sediment from the upstream reference location were
used in the control treatments. Test organisms were fed Tetrafin. The test was conducted at a
temperature of 25°C and a light cycle of 16 hr light/8 hr dark. Test vessels were 1 L borosilicate

beakers placed in a constant temperature incubator room (ETT Environmental, 1995).
Table 2-4 summarizes the test conditions specified in EPA/600/R-94/025 (USEPA, 1994b).
The survivability of the test organisms in each of the 10 potentially contaminated sediments was statistically
compared to the survivability of the test organisms in the Thames River control sediments. Statistical

analysis of the data involved tests for normality and homogeneity of variance to determine if parametric

analysis was appropriate. Where data was both normal in distribution and homogenous in variance, a "t"
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test was used to analyze for differences in survival between the test sediments and the reference station

sediments. A Wilcoxon Rank Sum Test was used for non-normal data.

Engineering parameter analyses of sediment samples were performed by Geotesting Express in Concord,
Massachusetts. Sediment sample analyses were performed by Southwest Laboratory of Oklahoma, Broken
Arrow, Oklahoma, with the exceptions of the estuarine sediment toxicity tests, which were performed by ETT
Environmental, Inc., Greenville, South Carolina, and the AVS/SEM analysis, which were performed by
Savanhah Laboratories and Environmental Services, Inc., Savannah, Georgia (a subcontractor to ETT

Environmental, Inc.).

Area A Downstream Watercourses/OBDA

The following fixed-base laboratory analytical methods were employed for sediment samples collected from
the Area A Downstream Watercourses/OBDA in support of the Phase I Rl Supplemental ecological
investigations at NSB-NLON:

e  Target Compound List (TCL) VOCs, SVOCs, and pesticide and PCB compounds were analyzed
in accordance with the EPA CLP SOW for Organic Analysis Multi-Media, Multi-Concentration
(Document Number OLM01.8).

e  Target Analyte List (TAL) inorganics (metals, cyanide, and an additional analyte {boron]) were
analyzed in accordance with the EPA CLP SOW for Inorganic Analysis Multi-Media,

Multi-Concentration (Document Number ILM02.1). Surface water samples were submitted for

analysis of total and dissolved metals. Samples submitted for dissolved metals were field filtered
before shipment to the laboratory.

Additional analyses were also completed for surface water and sediment samples as follows:
e Engineering Parameters (Surface Water): total suspended solids (TSS) were analyzed by

Method 160.2, and hardness was analyzed by Method 130.1. All of the aforementioned methods
are from Methods for the Chemical Analysis of Water and Wastes (EPA-600/4-79-020).

e Engineering Parameters (Sediment): grain size distribution was tested by ASTM D422; and
TOC was analyzed by the Walkley-Black Procedure from Methods of Soil Analysis Part 2 -
Chemical and Microbiological Properties.
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Freshwater Sediment Toxicity Tests: Freshwater sediment toxicity testing were performed

using Hyallela azteca and Chironomus tentans as test organisms. Methods outlined in EPA
600/R-94 /024, Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated
Contaminants with Freshwater Invertebrates (USEPA, 1994c), served as the basis for

methodology for the performance of the 10-day sediment toxicity tests. Mortality and growth
served as test endpoints. The results of tests conducted on samples collected from onsite
locations were compared to the appropriate reference location. in addition, one laboratory
control sediment was included for each test organism to judge the overall acceptability of the
tests.

The following describes the Hyalella azteca test system:

&  The test method used was EPA/600/R-94/024 Method 100.1 (USEPA, 1994c). This was
designed as a 10-day Pass/Fail test consisting of a control and one sample treatment.
Each treatment replicate consisted of 100 g of sediment and 175 mL of dilution water.
There were eight replicates for each treatment. Ten test organisms were placed in each
replicate. Sediment from Pequot Woods, Niantic Pond and Fishtown Brook were used in
the control treatments. Test organisms were fed Yeast-Ceraphyl-trout chow. The test was
conducted at a temperature of 23°C and a light cycle of 16 hr light/8 hr dark. Test vessels
were 500 mL plastic beakers placed in a constant temperature incubator room (ETT
Environmental, 1995).

The following describes the Chironomus tentans test system:

e The sediment toxicity tests were conducted according to USEPA protocols set forth in
EPA/600/R-94/024 Method 100.2 (USEPA, 1994c). This was designed as a 10-day
Pass/Fail test consisting of a control and one sample treatment. Each treatment replicate
consisted of 100 g of sediment and 175 mL of dilution water. There were eight replicates
for each treatment. Ten test organisms were placed in each replicate. Sediment from
Pequot Woods, Niantic Pond and Fishtown Brook were used in the control treatments.
Test organisms were fed Tetrafin. The test was conducted at a temperature of 23°C and
a light cycle of 16 hr light/8 hr dark. Test vessels were 500 mL plastic beakers placed in

a constant temperature incubator room (ETT Environmental, 1995).

Table 2-5 summarizes the test conditions specified in EPA/600/R-94/024 (USEPA, 1994c).
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The survivability of the test organisms in each of the 10 potentially contaminated sediments was
statistically compared to the survivability of the test organisms exposed to sediments collected
from each of the reference locations. Statistical analysis of the data involved tests for normality
and homogeneity of variance to determine if parametric analysis was appropriate. Where data
were was both normal in distribution and homogenous in variance, a "t" test was used to analyze
for differences in survival between the test sediments and the reference station sediments. A

Wilcoxon Rank Sum Test was used for non-normal data.

° Frog Embryo Tetratogenesis Assay-Xenopus (FETAX): FETAX testing was performed using

Xenopus larvis. These studies were performed in accordance with the methods cited in ASTM
Method 1433-91 with the modifications for whole sediment testing and Bantle et al, 1991. These
methods are summarized below (Stover Group, 1995).

Samples were stored at 4°C throughout the study. Tests of the Niantic Pond and Lower Pond
samples were initiated on April 10, 1995 and concluded on April 14, 1995. Dissolved oxygen, pH,
conductivity, hardness, alkalinity, ammonia-nitrogen, and residual chlorine were measured on two
selected batches of dilution water used during the study. Testing was performed in 9 ounce specimen
bottles equipped with a glass tube/Teflon mesh insert as the exposure chamber. For the screening
tests, 35 g of sediment (wet weight) was placed in the bottom of the specimen jar, the exposure insert
added, and filled with 140 mL of FETAX Solution (dilution water). This represented a 1:4 dilution of
sediment to dilution water. Blastulae stage embryos were placed directly on the Teflon mesh insert
which rested directly over the top of the sediment in the sediment/water interface region. The test
consisted of 20 embryos exposed to FETAX Solution (standard negative control), 20 embryos exposed
to either 5.5 mg/L or 2,500 mg/L 6-aminonicotinamide [6-AN] (standard positive control), 20 embryos
exposed to blasting sand (artificial sediment), and 20 embryos exposed to each sediment sample and
respective reference site sediment sample. Fresh solutions and sediments were provided every
24-hours of the 4-day test. Dissolved oxygen and pH were measured prior to renewal and in the waste
solutions from each successive day. Due to a dissolved oxygen and pH probe malfunction, readings
for the waste solution at 24-hour in the tests with the Niantic Pond and Lower Pond samples were
collected on April 12, 1995 and may not be representative. Dissolved oxygen, pH, conductivity,
hardness, alkalinity, ammonia-nitrogen, and residual chlorine were measured on two selected batches
of FETAX Solution used during the study. A summary of the testing conditions are provided in
Table 2-6.

At the conclusion of the test, embryos were preserved in 3% (w/v) formalin (pH 7.0) and

morphological characteristics evaluated using a dissecting microscope. Since only screening tests
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were performed, determination of LC, and EC,, (malformation) were not possible and responses were

reported as a percent effect. Coefficient of variation (CV) values were calculated for each test

performed. Growth of the surviving larvae was determined using a digitizing software package (Jandell

Scientific, Corte Madera, CA) linked to an IBM-compatible computer. Statistical evaluation of

differences in response between the reference and treatment sites were performed using Dunnett’s test

(parametric) or Steele’s Many- One Rank test (non-parametric) for the mortality and malformation
responses (P=0.05 for both), and a grouped t-test for the growth data (P=0.05).

Macroinvertebrate Taxonomy (Macroinvertebrate Community Analyses) Organisms were

sorted in the laboratory and placed in a 3"- diameter glass petri dish containing 70% isopropanol
and examined using an illuminated Meiji Techno stereomicroscope at 15 - 67.5 X magnification.
Following genus-level identification (when possible), organisms were returned to a labelled vial
containing 70% denatured ethanol for storage (except for voucher specimens). One to three of
each genus collected in the survey were placed in the ETT Environmental reference collection
as voucher specimens. Some midges and oligochaetes were mounted on glass slides with
CMC-10 media and examined with an American Optical 150 Series compound microscope (400X

magnification) for identification.

Macroinvertebrate community data from the Area A Downstream Watercourses/OBDA aquatic
system were compared with data from reference locations. As detailed in Sediment

Classification Compendium (EPA 823-R-92-006) (USEPA, 1992a), the following nine functional and

eight structural metrics for lotic systems (streams) were considered:

e  Taxa Richness

¢  Modified Hilsenhoff Biotic Index

° Ratio of scrapers and filtering colleqtors

° Ratio of Ephemeroptera-Plecoptera-Trichoptera (EPT) and Chironomidae abundances
° Percent contribution of dominant taxa

¢  Shannon-Weaver Diversity Index

e  EPT index

] Community similarity index

] Ratio of shredders to total number of organisms

Engineering parameter analyses of sediment samples were performed by Geotesting Express in Concord,

Massachusetts. Surface water and sediment sample analyses were performed by Southwest Laboratory of

Oklahoma in Broken Arrow, Oklahoma, with the exceptions of the freshwater macroinvertebrate sediment
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toxicity tests and macroinvertebrate taxonomy, which were both performed by ETT Environmental, Inc. in

Greenville, SC and the FETAX tests, which were performed by The Stover Group, in Stillwater, Oklahoma.
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TABLE 2-1

SUMMARY OF PHASE II/POST PHASE Il Rl MONITORING WELL INFORMATION
NSB-NLON, GROTON, CONNECTICUT

Screened Litholog Groupd Referepce Depth Total Screened .Well Well -
Well ID (Stratigraphic Unit)(" Elevatlor(\z) Elevation to Bedroc,zg) Depth Interval Qlameter Construction
(feet msl) (feet msl) {feet bgs) (feet bgs) | (feet bgs) (inches) Type
CBU DRUM STORAGE AREA (PHASE i RI)
IMW2S [ Overburden (Fil) | 8602 88.49 - 140 | 40140 [ 2 PVC
AREA A LANDFILL (PHASE i RI)
2LMW19S | Overburden (Fill)/ 93.50 95.44 17.5 25.0 15.0-25.0 2 PVC
Bedrock

2LMW19D | Bedrock 93.90 95.74 17.5 120.0 28.0-120.0 6 Steel/Open
2LMW20S | Overburden (Fill) 87.35 87.21 - 26.0 9.0-19.0 2 PVC
2LMW20D | Bedrock 87.55 87.40 69.0 80.0 74.0-80.0 8-3/4 Steel/Open
2LOW1S Overburden (Fill/Dredge) 86.26 88.40 - 15.0 4.0-14.0 2 PVC
2LOW1D Overburden (Alluvium) 86.88 89.43 29.3 29.5 23.75-28.75 2 PVC
2LOw2s Overburden (Fill/Dredge) 86.69 89.09 - 15.0 4.0-14.0 2 PVC
2LOW3S Overburden (Fill/Dredge) 85.50 87.52 - 14.0 3.0-13.0 2 PVC
2LOW4S Overburden (Fill/Dredge) 86.83 89.36 - 14.0 4.0-14.0 2 PVC
2LPW1S Overburden (Fill/Dredge) 86.25 89.07 - 15.0 4.0-14.0 6 PVC
AREA A WETLANDS (PHASE Il RI)
2DMW23D | Bedrock 81.82 83.38 3.0 65.0 7.5-65.0 6 Steel/Open
2WMWsD Bedrock 7419 75.96 14.5 29.0 17.5-27.5 2 PVC
2WMW21S | Overburden (Dredge) 74.75 76.47 - 16.0 5.0-15.0 2 PVC
2WMW21D | Bedrock 74.79 76.09 23.0 123.0 28.0-123.0 6 Steel/Open
2WMW22D | Bedrock 121.62 123.69 32.0 182.0 38.0-182.0 6 Steel/Open
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TABLE 2-1 (Continued)
SUMMARY OF PHASE |i Ri MONITORING WELL INFORMATION
NSB-NLON, GROTON, CONNECTICUT

Screened Litholog Grour)d Referer\ce Depth Total Screened 'WeII Well o
Well ID (Stratigraphic Unit)(" EIevatlor(12) Elevation to Bedro%() Depth Interval Dllameter Construction
(feet msl) (feet msl) (feet bgs) (feet bgs) | (feet bgs) (inches) Type
AREA A WEAPONS CENTER (PHASE Il RI)
2WCMW1S | Overburden (Fill/Dredge) 84.47 83.92 - 18.0 8.0-18.0 2 PVC
2WCMW2S | Overburden (Fill) 86.35 86.16 - 18.0 4.0-14.0 2 PVC
2WCMW3S | Overburden (Fill/Dredge) 83.78 85.95 - 21.0 5.75-15.75 2 PVC
AREA A DOWNSTREAM WATERCOURSES/OBDA (PHASE Il RI)
2DMW24S | Overburden (Alluvium) 34.70 36.29 -- 14.0 4.0-14.0 2 PVC
2DMW24D | Bedrock 34.54 36.07 17.0 45.0 25.0-45.0 6 Steel /Open
2DMW25S | Overburden (Filf) 33.48 34.98 - 10.5 5.5-10.5 2 PVC
2DMW25D | Bedrock 33.46 35.48 12.0 40.0 18.0-40.0 6 Steel/Open
| 2oMw26s | Overburden (Alluvium) 28.71 28.7 - 18.0 8.0-18.0 2 PVC
‘| 2DMW26D | Overburden (Alluvium)) 29.19 29.19 - 50.0 30.0-40.0 2 PVC
2DMW27S | Overburden/Bedrock 28.29 28.17 14.3 17.0 11.5-17.0 2 PVC
2DMW27D | Bedrock 28.32 27.95 14.3 205.0 20.0-205.0 6 Steel/Open
2DMW28S | Overburden (Alluvium) 35.54 35.26 220 220 17.0-22.0 2 PVC
2DMW28D | Bedrock 35.61 35.40 215 136.0 26.0-136.0 6 Steel /Open
2DMW29S | Overburden (Alluvium) 34.98 36.68 - 16.0 6.0-16.0 2 PVC
2DMW30S | Overburden (Alluvium) 31.37 33.11 - 9.5 4.0-9.0 2 PVC
BUNKER A-86 RUBBLE FILL (PHASE Il RI)
4MW1S Bedrock 127.91 129.51 25 18.5 8.5-18.5 2 PVC
4MW2S Overburden (Till)/ 96.65 98.79 6.5 15.25 45-145 2 PVC
Bedrock
4MW3S Overburden (Till)/ 100.55 103.49 4.5 13.5 3.5-13.5 2 PVC
Bedrock

C
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TABLE 2-1 (Continued)

SUMMARY OF PHASE 1l R MONITORING WELL INFORMATION

NSB-NLON, GROTON, CONNECTICUT

Screened Litholog Grour)d Referepce Depth Total Screened .WeII Well '
Well ID (Stratigraphic Unit)" Elevatlo?z) Elevation to Bedroc(g) Depth Interval Diameter | Construction
(feet msl) (feet msl) {feet bgs) (feet bgs) | (feet bgs) (inches) Type
4MW4S Overburden (Till)/ 107.80 110.33 46 14.5 45-145 2 PVC
Bedrock :
4MW4D Bedrock 107.29 109.74 8.5 40.0 30.0-40.0 2 PVC
DRMO (PHASE I RI)
sMw2D Overburden (Alluvium) 6.64 7.85 88.5 88.5 77.0-87.0 2 PVC
6MW3D Overburden (Alluvium) 4.90 4.78 - 91.0 78.0-88.0 2 PVC
6MW6S Overburden (Fill) 10.01 12.16 215 220 6.0-16.0 2 PVC
6MWe6D Bedrock 10.02 12.50 22.0 42.0 28.0-42.0 6 Open
6MW7S Overburden (Fill) 6.60 6.00 -- 16.0 6.0-16.0 2 PVC
TORPEDO SHOPS (PHASE Il RI)
7MwW2D Bedrock 43.20 43.02 6.5 45.0 35.0-45.0 2 PVC
7MW3D Overburden (Alluvium) 44.14 46.67 43.0 43.8 33.8-43.8 2 PVC
7MW4S Bedrock 47.18 46.84 3.0 14.3 4.0-14.0 2 PVC
7MW5S Overburden (Alluvium)/ 56.92 56.62 12.0 17.0 7.0-17.0 2 PVC
Bedrock
7MW5D Bedrock 56.82 56.57 12.0 42.0 32.0-42.0 2 PVC
7MW6S Overburden (Alluvium) 47.04 46.65 325 325 4.0-14.0 2 PVC
7TMW7S Bedrock 46.95 46.57 4.0 16.0 5.5-15.5 2 PVC
7MW8S Overburden (Alluvium) 42.28 42.10 -- 14.0 3.0-13.0 2 PVC
7MWAS Overburden (Alluvium) 38.20 37.91 -- 15.0 4.0-14.0 2 PVC
7MW10S Overburden (Alluvium) 40.71 43.42 -- 14.0 4.0-14.0 2 PVC
7TMW11S Overburden (Alluvium) 46.70 46.49 - 15.0 4.0-14.0 2 PvC
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TABLE 2-1 (Continued)

SUMMARY OF PHASE Il Rl MONITORING WELL INFORMATION

NSB-NLON, GROTON, CONNECTICUT

Screened Litholog Grour}d Referepce Depth Total Screened 'WeII Well .
Well ID (Stratigraphic Unit)(" Elevatlor(\z) Elevation to Bedrocilg) Depth Interval Qnameter Construction
{feet msl) (feet msl) (feet bgs) (feet bgs) | (feet bgs) (inches) Type
GOSS COVE (PHASE !l Rl)
sMwaD Overburden (Alluvium) 10.17 9.77 - 82.0 54.0-64.0 2 PVC
8MW5S Overburden (Fill) 11.51 10.94 - 21.0 6.0-16.0 2 PVC
8MW6S Overburden (Fill) 10.10 9.66 - 14.5 4.0-14.0 2 PVC
8MW6D Overburden (Alluvium) 9.90 9.62 -- 71.0 60.0-70.0 2 PVC
8MW?7S Overburden (Fill) 6.34 5.95 - 20.0 4.0-14.0 2 PVC
8MW8S Overburden (Alluvium)/ 20.01 19.68 12.0 17.0 7.0-17.0 2 PVC
Bedrock

8MWS8D Bedrock 19.83 19.53 12.0 78.0 48.0-78.0 2 PVC
LOWER BASE (PHASE Il RI)
13MW18 Overburden (Fill) 12.65 12.12 -- 155 5.0-15.0 2 PVC
13MW19 Overburden (Fill) 8.34 8.05 - 18.0 5.0-15.0 2 PVC
13MW20 Overburden (Fill) 10.71 10.45 - 16.0 3.0-13.0 2 PVC
13MW21 Overburden (Fill) 9.03 8.70 - 30.0 5.0-15.0 2 PVC
OVERBANK DISPOSAL AREA, NORTHEAST (PHASE Il RI)

[ 14MW1S | Overburden (Allvium) | 4922 | 51.44 - 14.0 4.0-14.0 2 PVC
SPENT ACID STORAGE AND DISPOSAL AREA (PHASE Il RI)
15MW1S Overburden (Alluvium) 28.35 28.08 -- 15.0 5.0-15.0 2 PVC
15MW1D Overburden (Alluvium) 28.25 28.05 - 46.0 36.0-46.0 2 PVC
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Screened Litholog Grour)d Referepce Depth Total Screened .WeII Well _
Well ID (Stratigraphic Unit) 1) Elevatlor(12) Elevation to Bedro% Depth Interval Qlameter Construction
(feet msl) (feet msl) (feet bgs) (feet bgs) | (feet bgs) (inches) Type

15MW2S Overburden (Alluvium) 29.28 28.90 - 17.0 5.0-15.0 2 PVC
15MW3S Overburden (Alluvium) 26.44 26.26 - 15.0 5.0-15.0 2 PVC
15MW4S Overburden (Alluvium) 26.37 26.24 - 43.0 4.0-14.0 2 PvC
AREA A LANDFILL (POST-PHASE I RI)
2LPZ1F Overburden (Fill) 78.80 79.30 - 8 5-8 2 PVC
2LPZ2F Overburden (Alluvium) 90.00 91.10 - 6 36 2 PVC
2LMW28F | Overburden (Alluvium) 85.30 87.43 -- 12 4696 2 PVC
2LMW28DS | Overburden (Dredge) 85.20 87.41 - 21 14.8-19.8 2 PVC
2LMW29F Overburden (Fill) 88.70 90.30 -- 15.5 3.5-85 2 PVC
2LMW29DS | Overburden (Alluvium) 88.80 90.96 - 16 11-16 2 PVC
2LMW30F Overburden (Fill) 81.20 80.79 - 12.3 7.3-12.3 2 PVC
2LMW30DS | Overburden (Dredge) 80.70 80.32 -- 23 17.9-22.9 2 PVC
2LMW31F | Overburden (Fill) 85.90 86.64 - 6 3-6 2 PVC
2LMW31DS | Overburden (Dredge) 86.00 88.16 - 14 9-12 2 PVC
2LMW32PZ | Overburden (Alluvium) 80.60 82.11 - 16 9.6-14.6 2 PVC
2LMW32F | Overburden (Fill) 80.80 82.95 - 24 17-22 2 PVC
2LMW32DS | Overburden (Dredge) 80.80 82.69 - 24 19-24 2 PVC
2LMW32B | Bedrock 80.60 82.74 63.5 86.5 76.2-86.2 2 PVC
2LMW33F | Overburden (Fill) 81.00 82.86 - 9.9 4999 2 PVC
2L MW33DS | Overburden (Dredge) 79.40 82.87 - 18 13-18 2 PVC
2LMW34DS | Overburden (Dredge) 77.50 77.05 - 22 17-22 2 PVC
2LMW35B | Bedrock 198.20 199.14 7 103 11-103 6 Steel/Open
2LMW36B | Bedrock 212.30 213.04 1.8 103 2-103 6 Steel/Open
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TABLE 2-1 (Continued)
SUMMARY OF PHASE Il Rl MONITORING WELL INFORMATION

NSB-NLON, GROTON, CONNECTICUT

Screened Litholog Grour}d Referepce Depth Total Screened .WeII Well .
Well ID (Stratigraphic Unit) Elevatnor(lz) Elevation to Bedro%() Depth Interval D_lameter Construction
(feet msl) (feet msl) (feet bgs) (feet bgs) | (feet bgs) (inches) Type

2LPZ1DS Overburden 70.78 74.23 -- 7.56 4.56-7.56 2 Steel
21 PZ2D8S Overburden 73.14 76.74 - 7.57 457-757 2 Steel
2LPZ3DS Overburden 71.61 73.98 - 7.45 4.45-7.45 2 Steel
2LPZ4DS Overburden 71.64 74.29 - 7.66 4.66-7.66 2 Steel
2LPZ5DS Overburden 71.64 75.08 - 6.77 3.776.77 2 Steel
2LPZ6DS Overburden 71.63 74.83 -- 6.94 3.94-6.94 2 Steel
2LPZ7DS Overburden 73.43 78.78 - 8.10 5.10-8.10 2 Steel
TANK FARM (POST-PHASE Il RI)

HNUS-1 Overburden (Fill) NAD) NA - 14 4-14 2 PVC
HNUS-2 Overburden (Fill) NA 18.31 - 14 4-14 2 PVC
HNUS-4 Overburden (Fiil) NA 18.85 - 14 4-14 2 PVC
HNUS-5 Overburden (Fill) NA 18.96 - 14 4-14 2 PVC
HNUS-6 Overburden (Fill) NA 19.70 - 15 5-15 2 PVC
HNUS-7 Overburden (Fill) NA 20.23 - 15 5-15 2 PVC
HNUS-8 Overburden (Fill) NA 20.30 - 15 5-15 2 PVC
HNUS-9 Overburden (Fill) NA 19.65 - 14 4-14 2 PVC
HNUS-10 Overburden (Fill) NA 20.86 -- 15 5-15 2 PVC
HNUS-11 Overburden (Fill) NA NA -- 15 5-15 2 PVC
HNUS-12 Overburden (Fiil) NA 24.08 - 15 5-15 2 PVC
HNUS-13 Overburden (Fill) NA 23.32 - 15 5-15 2 PVC
HNUS-14 Overburden (Fill) NA 20.57 -- 15 5-15 2 PVC
HNUS-15 Overburden (Fill) NA 20.74 -- 15 5-15 2 PVC
HNUS-16 Overburden (Fill) NA 18.70 - 15 5-15 2 PVC
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TABLE 2-1 (Continued)
SUMMARY OF PHASE Il Rl MON ITORING WELL INFORMATION
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Ground Reference Depth Total Screened Well Well
Weill iD Screened thholouP/ 1) Eievation Eievation to Bedrock Depth intervai Diameter | Construction
(Stratigraphic Unit (feet msl)® (feet msl) (feet bgs)® | (feet bgs) | (feet bgs) | (inches) Type
HNUS-17 Overburden (Fill) NA 19.69 - 14 4-14 2 PVC
HNUS-18 Overburden (Fill) NA 19.84 - 15 5-15 2 PVC
HNUS-20 Overburden (Fill) NA NA -- 15 5-15 2 PVC
HNUS-21 Overburden (Fill) NA 20.12 - 15 5-15 2 PVC
HNUS-22 Overburden (Fill) NA NA - 20 10-20 2 PVC
HNUS-23 Overburden (Fill) NA 18.03 -- 17 7-17 2 PVC
HNUS-24 Overburden (Fill) NA NA - 5 5-12 2 PVC
1 Alluvium = Quarternary river/stream deposits
Dredge = Dredge spoil (clayey silt)
Fill = Silty sand or sand and/or gravel (artificial)
Terrace = Quarternary terrace deposits (sand and/or gravei)
Till = Quarternary nonstratified drift deposits (varying amounts of sand, silt, gravel, and/or clay)
2 msl - above mean sea level
3 bgs - below ground surface. :
4 -- Indicates that bedrock was not encountered in the boring for this monitoring well.
5 NA - Information not available.
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TABLE 2-2

NSB-NLON, GROTON, CONNECTICUT

SUMMARY OF EXISTING MONITORING WELL INFORMATION

Screened Lithology!" Ground Reference Depth Total Screened .Well Well
Well ID (Stratigraphic Unit) Elevatlor(12) Elevation to Bedro%() Depth interval D'l